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Yellowknife, N.W.T. 
ADIT Le sl 4 ae 9 75. 
(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 

MR. SCOTT: Mr. Commissioner, 
I thought I should outline what I've discussed with 
my friends with respect to the timetable for this 
week. I anticipate that we will be able, everyone 
will be delighted to hear, to excuse this panel 
sometime this afternoon, and begin with the next 
panel, four members of which are here. The balance 
will be coming in on the three o'clock plane and Mr. 
Marshall suggested that if necessary, not to waste 
any time, we can begin with the panel of four and 
Supplement it as the transportation permits. 

Then we will continue 
tomorrow with that panel in chief and I propose, and 
I think my friends agree, that if it's not finished 
by one we should continue in the afternoon until it 
is finished. 

Then we will have Mr. Gibbs 
free energy on Wednesday, and I would propose that 
we should continue as a matter of personal conven- 
ience to him, because he has other obligations, either 
to one or until later in the day or whatever time is 
required to enable him to finish his cross-examination 

With thats in. mind, 1, would 
therefore propose that the motion that was going to 
be argued tomorrow at two o'clock should be instead 
argued.on.Thursday at two o'clock, I’11 let Mr. 


Veale know that, and I anticipate it will not 





















a 





.YonoiseiomeD . 4M sBTOHS IM 






























vy te we 

, we ; 

- zs 
eT Wi. , at bnaiwoli sy es 


Laven 82 fpreA 


(MMGMULUCTOA OT TMAUGRUS CAMucsa ® ave 





T tifpveds 7 
aidt 106% ofdstomet sit oft. Joeqeoz Aste ghacis? ym 
gncyreve ,eids sd Iliw sw tas ot sqin ian i Ss asceetall 


| _ 
idiw. bowrunetb’ ov'l. tedw sntlsvo bivess 


fonse, elds ssdtbes of -;1BsH of Oedtipsted sd iliw 
xan oft dtiw niped bas ,toorxresis aidt omitsang 
ssasiad att .atet sis coivstw to eisditem 2901 ,fensq 
mM bas sasiaq Aselo"o serda oft sO mE pAemoo Sd ttiw 
anw oF ton .yaseReosam Fi Jedd bestesppy]e LisgeixsM 
bas wziet to Lonsg ods Adgiw niped ABa 2@wW Per yrs 
.etinisq colssdioeqeasst oft ep te toaomeigque 
srnitmoo Ifiw aw asat 
Bae ,sxOgcoucr I Sas Psido mi Isesq t6ay ADiw woxromtas 
bereian:t gon esi %i Sets ,e4ups ebmekt2 ym inids D7 
ab fistnp ncettesie ont as sunitnoe Bigode sw sao yd _ 
| | ,bedetnt? et 
eidis .aM ovee Liiw ow asa 


45a astogo1s Bivew I bas  ,.yebeonbswW fo Ypisis wre: 4 





-sevdoo leaosiesq tg Troddso S26 <a Hig 


toddis, .agtnizyapildo aeons Bes ga eevegad mt oO 
_ 


2i smis sevecsniw xo. yeb ene of xejst Ligne Ligne 20 
isanimsxe-egoud eid detatt oF mie ease 03 box 
Bivow I »bati ot det ain , : : 


3 7 7 





02 priop eow jens aod tom hye spout 
, v ‘ 7 a 
map tend od bivode - teots'o ows 6 oe 


dn hE  * 







4 


Di : Pas 
: am gel. if’s Hoot" 2 os f 


ein ome : 







- 
gen Liv 3b os 
i 


ALLWEST REPORTING L-TDO. 
BURNABY 2. B.C. 3562 


























y inconvenience anybody who is here. 
2| MR. MARSHALL: Mr. Commissioner, 
34 before my friend begins his cross-examination again, 
4 | there were a number of undertakings that we are 
| able to respond to now, and perhaps those could go | 
6 | into. the -record.,. 
ay] Thegtirstiwas directed to | 
8 Drs Cooper onwApril L1lth, and can be. found. at.page 
2) 3500,o£ thes transcript,_and. it .pertained.~to 
10 | calculating the statistical range within which the 
UL ji 100-year flood estimate would fall, and Dr. Cooper 
12 can respond to that now. 
13 : WITNESS COOPER: Mr. 
14 | Commissioner, I have a slide here that is a plot 
15 flood frequency curve with confidence limits on it, 
16 and with your permission I'll show it. ; | 
17 ThiiceuS aeDlOt On saet Lood | 
18 | frequency curve of the Mackenzie River at Norman | 
9 Wells. What it plots is the maximum annual As cuereael 
20 the maximum annual flood discharge against the fre- 
21) quency of recurrence of that dischatge. As you see, we| 
22 have 24 points. This was based on 24 years of record. 
PxS) tT believe this takes: us up.~to,the,endwof 1971 on,'72. 
24 | There are.several more, points now. 
25 | The blue line that you see 
26" is the best fit curve for a log normal distribution 
27 of these data. Now the best estimate of the 100 year 
28 | flood, you'll notice that the scale down here is, 
29 instead of being expressed in terms of frequency, 
30 | it's expressed in terms of the return period for 
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~ the year. For example, the one and two-year flood 
i would be this value. 
- would be this flood. The one in 100 year flood would 
3 be this value. The point on the blue line is 
4 | the best estimate based on these data. Nowthe two 
5| green curves are the 95% confidencelimits which means | 
6 | Statistically speaking we have 95% confidence that | 
7| the estimate for a 100 year flood will fall between | 
8 this value and this value. In this case it's between 
9 940,000 cubic feet per second and 1,400,000 approxi- 
10 mately, cubic feet per second. The best estimate here 
11] is 1,100,000. 
12 | Now the reason that I- say 
13 that I feel this record is adequate is because we can 
14 | examine even the value up here, and it will make 
oe very little difference to our scour computation. I | 
16 | Gid a rough computation on. this, and it would affect | 
17 | the scour elevation by something in the order of one | 
ae foot. Is that the -- 
19 MR.SCOTT: Can you just 
20 express for us, to be sure we have them then, the 
21 difference in volumes of discharge between the two | 
22 green lines? 
<2 WITNESS COOPER: 940,000 
e4 cubic feet per second here, and 1,400,000 cubic feet 
Sal per second. The best estimate would be 1,100,000. 
26 | MR. SCOTT: And that gives 
wa youy;s2n your Judgment, a contadence level of 95%? : 
ey WITNESS COOPER: Yes. 
oi MR. MARSHALL: Mr. Commissioner, 
aa I would suggest that that graph be entered as the next 
| | 
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exhibit, which I understand is 97. 
(GRAPH MARKED EXHIBIT 97) 
MR. MARSHALL: The next 
were 

undertakings with respect to Dr. Sluaarchuk's 
evidence’ on April?9thrat 3261 in-the“transeript, he 
was asked to provide data on the heave of gauge 
pairs at the®Calgary field test facility. He 
has put together a collection of data that provides 
information with respect to heave at the test-site, 
and 2"d 17Ke*to entet@a-=copy 7of" that* asthe next 
exhibit. 


(HEAVE AT CALGARY TEST-SITE MARKED EXHIBIT 98) 
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OneApEL 10th; Dr. “Slusarchuk 
was asked at 3419 in the transcript, to identify the 


passages in the Battell report entitled "A convective 


Model for Sub-Surface Flow Around a Chilled Pipeline", |. 


dated Ocober the 3lst, 1974, that dealt with the 


effect of sub-surface flow on the freeze mne surround- 


ing a chilled pipeline. 

Dr. Slusarchuk has reviewed the 
report and the references are found at pages 2439 
and 40. Unless Mr. Scott requires, we don't intend 
to read those into the record. 


Mr. Williams had been asked on 


March¥2ist®at-+27/55a8inythe transeripey, for” the’ locations 


where blasting may be required. I would like Mr. 


Williams to respond to that undertaking. 

MR. WILLIAMS: Yes, I think 
that the table that Mr. Marshall is entering is self- 
evident. It gives the -- a summary of estimated 
blasting requirements by terrain units in five physio- 
graphic divisions. - There will probably be some 
discussion with respect to this in the construction 
panel, and I would suggest maybe we leave further 


discussion of that until then. 


MR. MARSHALL: Mr. Commissioner, 


Mr. Williams has prepared such a one sheet summary 
entitled "Prime Route with For_t Simpson" and then 
summary of terrain units and miles amd estimated 

blasting requirements. I would like to enter that 


as the next exhibit. 
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(ONE SHEET SUMMARY ENTITLED "PRIME ROUTE 


WITH FORT SIMPSON" MARKED EXHIBIT 99) 


On April 10th at page 3297 of 
the transcript, Mr. Williams was asked to advise as 
to what report the drawing of the Sans Sault site 
came with. Mr. Williams, can you respond to that 


please? 


MR. WILLIAMS: Yes, this sketch 


of the Sans Sault site that Mr. Scott asked about 


the details of five subdivisions at the site, was 


inciuded paca tlettertfromeDrse Moblard to Harold, L. 


Morrison of R.M. Hardy and Associates on February 
theneth’, rb9.70);i wisthvea hcopyitto Mr Dau, jof y=— at that 
time, Williams Brothers Canada Limited. 

I managed to find this in our 
files and don't really classify it as a report, Mr. 
Scott. 

MR. MARSHALL: Mr. Scott, we 
proposed to entr that as an exhibit, the letter with 


the attached sketches. 


(J.D. MOLLARD AND ASSOCIATES LETTER OF 


FEBRUARY 6, 1970 MARKED AS EXHIBIT 100) 


MR. MARSHALL: On April the 
Pthyare2302)to-0S5 of (the-transcript, Mr... Williams 
was asked by Mr. Anthony for clarification concern- 
ing the selection of these six potential sites that 


Dr. Mollard had selected. 
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af MR. WILLIAMS%«4 YeS5u I! thank.» in | 
,) the transcript I referred to five potential sites | 
am that Dr. Mollard had selected for further investi- | 
4 gation. In digging into the fiyles ,.1 find that 
5 | there were actually six sites that he looked at, and | 
6 I also said I was sure they were spread out over at | 
7 | least a hundred miles of the Mackenzie Valley; | 
8 | actually, it's several hundred miles. There was one 
9 site near Inuvik, one near the confluence of the | 
10 Root River and the Mackenzie; one near Fort McPher- 
ae Son?) one, at earth ; one near the Tanunuck (?) 
ie, River, and the sixth one at Sans Sault. This is | 
13. entered to try to clarify that question that Mr. 
14| Anthony raised where we got mixed up in the five 
iS potential -- five or six potential sites as compared | 
ei to the five sub-sites @tuSansiSauit. i 
re eat MR. MARHSALL: Mr. Scott, we have | 
18 the letter of October 2nd whitch we would like to 
19 enter as the next exhibit. 
20 
ok (J.D. MOLLARD AND ASSOCIATES LETTRR DATED 
22 OCTOBER 22, 1969 AND MAPS MARKED 
an : AS EXHIBIT 101) 
24 
MR. SCOTT: Mr, Commissioner, 

a I should have entered last week the two slides, I 
i: Suppose they are called, of the prototype Northern 
a River dry bottom, and perhaps I can enter them as 
* the next exhibit , which I guess is exhibit OGG 
a perie 

"| (2 SLIDES, PROTOTYPE NORTHERN RIVER, DRY BOTTOM MARKED 

EXHIBIT EOS) 
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Cr +*Exam. by "Scott 


And also I refer 
to, and should enter as an Exhwoiuy, the article 
on the Stability of Thawing Slopes, by McRobetts 
and Morgenstern, which is reported in the Canadian 


Geotechnical Journal for November of 1974. 


(REPORT ENTITLED "THE STABILITY OF THAWING | 
SLOPES" BY MCROBERTS AND MORGENSTERN, 


REPORTED IN CANADIAN GEOTECHNICAL JOURNAL 





FOR NOVEMBER, 1974 MARKED AS EXHIBIT 103) 


JOHN IVOR CLARK 

GARRY WOOD HOLLINGSHEAD 
EDWARD CHARLES MCROBERTS 
WILLIAM ALEXANDER SLUSARCHUK 
NORMAN REUBEN MORGENSTERN 
RICHARD H. COOPER 

R.M. HARDY 


GUY LESLIE WILLIAMS, Resumed: 





CROSS-EXAMINATION BY MR. SCOTT, CONTINUED: 


Q May I ask a question of Dr. 
Hardy? Dr. Hardy, in outlining your experience some 
days ago on the Pointed Mountain Pipeline, you indi- 
cated that a portion of that pipeline had floated to 
the surface. I wonder if you could tell us what 
proportion of the pipeline floated to the surface 


in that case, in just round figures? 
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Hardy, Williams 
Cr. Exam? -by Scott 


WITNESS HARDY: 

A Actual, Mes Scott, ‘1 *was 
referring to the pipe, not at the actual crossing, 
but on approaches to the crossing in the general 
muskeg area. It was -- it's completely independent 


of the troubles they had at the crossing. 
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Q Leunderstand that. I 
wasn't trying to connect it with the crossing. 

A i; mvsornry? | 
I misunderstood you. hequst cant o1ve yourthe 
percentage of the length of the line, but there were, 
just from my impression in flying over it, there were 


several locations where the pipe had floated up above | 





the muskeg in lengths of from 100 feet roughly to 


200 feet, approximately. 


Q Yes, and how long after 
the pipeline had been completed did this begin to 
appear? 


A Ohi asiciar vas. ch tam 


aware it occurred the first year. 








Q MES ; 

A After the first Pasko 

Q Had the pipeline been 
weighted down at all? 

A Not in those locations, 
no. 

Q Was it weighted down in 
any locations? 

A Oh yes, 

Q With what? 

A Well, they normally 


used what are called swamp weights there, which are 
simply concrete blocks, quite substantial concrete 


DVOcKs. 


Q Was any movement of the 
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| 
| 
| 
concrete blocks noted? 
| 
| 


A What's that again? 

Q Was any movement of the 
concrete blocks noted? 

A Perhaps DY-Clark can | 


give you a better answer, a more reliable answer than 
arcane 


Q Speaking of this 





particular pipeline, does Dr. Clark know? 

WITNESS CLARK: I haven't 
seen this pipeline on the ground but I've seen pictures 
taken of the part that floated, and one could observe 
where some of the saddle weights or swamp weights had 
moved off the pipeline. 

Q How would they move 


Ont sDr sae la Gk? 





A Our assessment at that | 


time was that for various reasons they were either not ~ 





correctly centred, or that there was insufficient 
lateral resistance in the thawed muskeg, and that under 
the buoyant force they would tend to move laterally 

and there would be no resistance there to stop them. | 
That is an assessment made from a picture, though, 


without on the ground. It was just our speculation as 





to what had occurred. 
Q Weld “now s-=<l*mvsorry, 
Dr. Hardy, do you want to say something? 


| 
| 
WITNESS HARDY: These concrete 
weights are made in two sections. There's a concrete 
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Hardy ,Williams 

Cress=-txamibyy Scott 


that's split horizontally and there's a bottom section | 


the pipe sits on, and then the’top section is simply 





Seton, and) 1t®s) that, Cop Section you see, that is 

a tittle bit unstable 1f Ut hasrivitwgot® any Wateraill 
Support from the muskeg. I think that's: the point that 
Dr. Clark is making. 


Q Well now, how was the 





buoyancy problem repaired on that line? 

A Well, this is not the 
first Wine of ‘course, Mr. Scott, where: this has 
occurred, you see. 

Q Oh, I understand that. 
But I am just asking how it was repaired on this | 
Particular line. 

A Le mayube., you see, that | 


you do nothing for some time, but the normal thing | 


and (he most economic thing tol/do herctousimpl ywibuiid 





a berm, berm above the pipe that has floated up. 

You see, it only stays floated up because the pipe 
has been bent, and so it's the pipe is not any longer 
stressed to any extraordinary degree, it's just like 


== ito "get ati down ds aliditficult ‘thing, you 'see,)'to 





apply a loading that will bend the pipe back down, 

so you will either have to leave the bend in there 
andecolini tioverita Wengert stretch, which is possible, 
Ot Vyou,can. mound up over! top Of 20% 


Q Well, how was it done 
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4 Cross-"Exam by Scott 
2 | Q Do you know, Dr. Clark? | 
sa MIETNESS CLARK? «I .don tt, 
ay fe lb apes | 
5 Q I take it it was done, 
6 | was it? 
7 | WITNESS HARDY: It may not | 
=i have been. 
9 | Q Well now, on the 
10 alignment sheets, Dr. Clark, there is a reference 
aERt under numeral following "B" which I understand relates 
12 | to the buoyancy or the anticipated buoyancy of pipe 
13 | in the particular route that is referred to on the 
14 | alignment sheet. Are you familiar with those? 
| 
15 | WITNESS CLARK: Yes. | 
16 | Q Would you tell us what is 
17 | referred to by B-1l and B-2 in general terms? 
18 A I'd have to and should 
19 perhaps take a minute to look exactly at the wording. | 
20 WITNESS WILLIAMS: First | 
21 of all, B-0 refers to no buoyancy requirement; B-1l | 
22 refers to - indicates that the stretch covered by | 
23 that B-l requires buoyancy, anti-buoyancy measures 
24 throughout thar Wength),and the B=2 indicates that 
25 within that length there are some potential buoyant 
26 areas, but not the whole stretch. 
27 Q Yes. Well is then my 
7 understanding, Mr. Williams, correct that B-l means 
29 that the area designated requires buoyancy technique 
spoil throughout; B-2 indicates that only a proportion of 
|| 
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Cross-Exam by Scott 


the stretch indicated requires some buoyancy technique.) 


A Yes, and that was our 


best estimate at the time that work was done. 


Q Yes. Our analysis of thd : 


alynment sheets will show that 44% of the route is 
marked either B-1l or B-2; would that sound to be a 


fair estimate or are you in any position to judge? 


I think it refers to potential buoyant ereas, not 
known. 
Q Yes. We simply calculate 
B-1 and B-2 and I take it that 44% wouldn't strike 
you as odd, would it? 
A This is in the Northwest 


ANG eVUuKOnN lerritories total, 1s it, Mr. Scott? 


Q It's from Richards 
Island to the border. The north-south route. 
A Yes, I wouldn't argue 


have 
Wetnevyouj1f vou run through ‘that calculation. 


Q Now I take it, Dr. 
Clark, that a 48-inch pipe is obviously going to be 
more buoyant than a 20-inch pipe such as was used 
on the Pointed Mountain Pipeline. 

WITNESS CLARK: Yes, it's 
also a function of wall thickness, but it would be 


more buoyant, yes. 
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Hardy, Williams 
Cr. Exit. by SCOCt 
Q And you have set out some- 
where in your application or in your responses, some 
six or seven techniques that the applicant has avail- 
able to restrain buoyancy? 

A That's correct. 

Q Do I understand that in 
substance, the technique that will be used in most 
locations, in the vast majority of locations, is 


burial? Or berming? 


A Burial would be the most 
common one. 

6) Yés.teImtake itdfrom‘the 
figures in your application that concrete weights 


tsein relation to burial,extremely expensive? 

A Yes, but that concrete 
weights would be used where open water is' crossed. 

@) Is that the only place 
that you presently intend to use it? 

A To the best of my know- 
ledge. 

WITNESS WILLIAMS: 

A I'm afraid I would have 
to disagree; Mr. Scott. Concrete weights will be used 
in more areas than flowing water, did you say? 


WITNESS CLARK: 


A Open water. 
MRS €Om Ti: 
Q Well, what sort of areas 


do you intend to use it in, Mr. Williams? 
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WITNESS WILLIAMS: 

A I think we've suggested 
continuous concrete coating in the major river 
crossings and some of the minor crossings, bott on 
weights in most of the other minor crossings. Saddle 
or set on weights in muskeg type terrain, and other 
areas where they are thought to be the best solution. 

tywouldn*t restrret rt to open 
water situations. 

Q I take it that as between 


the two methods, weights and burial, which is judged 





to be the most satisfactory in terms of reducing 
buoyancy? 

A The used concrete weights 
is the surest method, the most conservative method. 
In my opinion. ; 

WITNESS HARDY: 

A Pethink| (Mry scott, that 
it should be recognized that from the designer's 
point of view, he will use the overburden, the back- 
filling, you see, if he thinks it is adequate. If 


the conditions are such that it won't be, why then 


he talks about other situations, except in the case | 





of the open water and the river crossings, where 
you may go to complete concrete coating, which is a 
better system, but out of the river valleys, for 
example in the Pointed Mountain line and the areas 
you were referring to where the pipe is floated up, 
you didn't ask me the cause of thefloating. It 


obviously wasn't, the buoyancy wasn't completely 
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aM counter-acted. The probable cause of that in that 
2 situation was the fact that the backfilling, it was | 
3 figured to be held down by backfilling, and the back- 

4 filling wasn't adequate. It was mostly muskeg, which 

5 has very low unit weight. 
6 | WITNESS WILLIAMS: | 
7 A Mr. Scott, can we just back | 
8 | up to the previous question with respect to the | 
9 percentage of total weighting requirement. Is it | 
10 correct that 40 or 45 percent you arrived at, 

a4. includes all of the distance, the lengths covered by 

12 | the B-2 situation? 

13 Q All the B-1 and B-2 
14 Situations on the alignment sheets. 
4 A Recognizing that -- | 
£6 Q From Richards Island to | 
ee the Alberta border. | 
18 A wes, Sir. Recognizing 

19 that a B-2 situation is not intended to be weighted 
20 or anchored for the full length of that section? 
21 Q Yes, I think I understand 
22 that the B-2 designation does not indicate that 
23 there will necessarily be a buoyancy problem of sub- 
24 | stantial proportions at every place in the B-2 

25 | segment? 

26 | A Right, thank you. | 
27 Q Now Dr. McRoberts, you -- | 
28 I want to ask a couple of questions of you as a result | 
29 of your -- a report you have prepared on pipe 

30 interaction at single field bends and your report, as 











| aosd odd bee ous fiaasoed. 8 sivob biod. 






|  thoititw ,peaaua videom aa, IT .ateupel 
| Tyrie oi 


fosd seup ow M69 ,tt008 sam - A 7? aed Fiky ae 
‘ , : 
. ait of gosqasi Mw seltesup evoiveig edd oF qu 


| +i 2L .dtemsuitupsx paltiptew Letod te spsiieoisg | 
,75 new iets voy Jneo1eq @t 2O OF Sade Joe TI0D 
ye bexsvooaitene! edd .sonedatbh git To Ils eebsfoat 
taoiseutia $-a sd 
GS-8 Has I-8& oft LLA o 5 areas 
.eisste toamacits siz do anoiteutie 
-~ ¢sf2 pals idpo ssa A vi a : 
ot Haaiel @b5275f5 i mort 2 i. 
tebxed stisdiA eds 
paLsinpaveF  .x27 , ant & a 
hesdpiew ad est bebnoini ton ei notseudia S-8,9, segs 
Eneidven tent to diwerol. [ld gasl2 103 bexoroas 40 
| biatervebas I ginins T , pay Q os he pi 
| tafe sisoibai ton seoh aoitsmpeiesh $-8 orld : i + 
| de Io malidosq womsyoud s ad. vithiaanened ae 
| 8-8 ond mh ovelg, xiave te 2 org Ist 


) io 
. se ae is 






nine wii Ap pe ead 


> 


sounin 2 * a oon awe ie . in ‘x 


7 
L » 
{ 
f 
Pe ; 
—_ 7 
oa n 
4 
[irs 
7 















3578 | 


ALLWEST REPORTING LTD. Clark, Hollingshead, McRoberts, 


BURNABY 











pee Slusarchuk, Morgenstenr, Cooper, | 
Hardy, Williams 
Cr. Bxam. by Scott 





1 I understand it, studies interaction at overbends, | 
2] that is a bending up and down of the pipe at sidebends 
3 | and at sag bends, which have already been described | 
4 as the point at which the pipe bends to cross the | 
5 river. | 
6 | Now, do I understand correctly 
| 
7 | that thermal expansion, that is heat expansion, and | 
8 | the pressure of gas in the pipe, both cause a compress- 
9 ive force in the pipe? | 
10 WITNESS MCROBERTS: 
i dk A Ves) Uthat’ sle¢orrects 
AZ| OQ Yes. And what is the 
13} result of that compressive force in just one or two 
14 | words? 
| A Dt Bhe=pipe istnoetlrestr= 
16 | ained, then depending on the conditions and the amount 
17 | of compressive load or force in the pipe, then | 
18 ansafe conditions could ensue. 
9 QO Well, what sort of unsafe 
20 conditions? | 
Zi A You would et to the point 
oe where the serviceability limit in the pipe is exceeded, 
23 Q Well, does the pipe move 
24 as a result, or may it’ move-as a’result? 
25 | A In the type of 
26) calculations we do, we assume some movement of the 
27 pipe. | 
28 | Q Yes. Well, how do you -- 
23 I take it that one of the consequences of this 
30 combination of forces, can be that the pipe will rise 
| 
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out of the ground, or may rise out of the ground? | 
| A If the pipe wasn't properly 
designed, yes. 
Q And how is that restrained, | 
how is that movement restrained? 
A In which type of situation 
are you thinking about? 
Q Well, let's deal with | 
overbends. 
A There's two methods of 
restraint, one takes into account the overburden 
resistance on the top of the ditch -- excuse me, in 


the resistance of the soil above the pipe along the 


ditch; one also takes into account the resistance 





that is mobilized between the pipe and the surround- | 
ang ditch backfill, the tangential resistance, 

Q Petakewlesthat Vouctound 
in your report, the latter factor to be relatively 
minor in terms of control? 


A We took a conservative 





value and the range we were at, it had a minor 
effect, although because we picked a very conservative 
value it did have a minor effect. 

Q I take it then that assum- 
ing a conservative value for that factor, the response 
in terms of this pipeline is again likely to be 


calculating the appropriate amount of overburden in 





each case? 
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1| Cross=-Exam by Scot 

2 A That's 

3 COLLOCE, 

4 Q Yes. 

5 A Or limiting the bend 
6 | angle. 

7 Q Or limiting the bend 
8 | angle. NOws UG.ehanscy,. do lL also understand that 

9 at Westcoast and Trans-Canada this problem of the 
10 Oover-bend moving up and out of the surface of the 
el earth has occurred? 

12 | WITNESS HARDY: When you 
13 | said "Trans-Canada" did you mean "Trans-Mountain?" 
14 Q I think I meant 

15 Trans-Canada. 

16 A I've had no experience 
37 with Trans-Canada. 

as} Q Well, let's deal with 
19 | Westcoast Transmission then. Isn't there a very 

20 | graphic picture of a case where this has occurred? 
ak A An upheaval due to stress? 
22 Q A case in which a 

23 combination of thermal expansion and gas pressure 
24 has led the pipe to move up out of the ground. 

25 | A I think they have had 
26 | atleast one, case. of.that., It hasn't come within 
27) my specific terms of reference with them. They 

28 recognize it as being a stress problem. it's rare 
29 compared to the floatation case which I have had 

30 input into, in the case of the floatation; but I'm 
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Sure there's at least one case where this has 

happened all right. | 
Q WE11) "Dr? McRoberts) 


would you agree that in dealing with this pipeline, 


assuming no remedial measures for the moment, that 
because the pipeline is a larger diameter, that is 

48 inches, because the gas will be under higher 
pressure and bearing in mind the temperature increases 


between the deep winter and the middle of the 





summer, that leaving remedial measures aside, that 
the possibility of this kind of movement of the pipe 
is greater in this instance than in most other 


pipelines? 


WITNESS McROBERTS: The 


problem is more significant in over-bends. Side 


bends are by and large the same; “aithough aaattre 
worse; but I would say yes, as the pipe gets bigger 
and the pressure gets larger, it is an inescapable 
conclusion. 

QO And? Ietake Ss tthe 
variationin temperatures is: also a factor that in- 
creases the dimension of the problem if there were 
no remedial measures, from let us say minus 50 degrees 
when it's constructed in the winter to 50 degrees 
Fahrereit in the middle of the following summer. | 

A Yes, but when you talk 


about 50 in the pipe, you must keep in mind that 





we are operating or propse to operate a chilled 


pipeline, and the 50 in the summertime would be a 
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ground temperature in an unchilled, non-chilled line 





and then you wouldn't have the gas pressure, so by and 
large given the two numbers that you've quoted, we 


wouldn't be encountering them. 


Q Are you telling us that | 
the range of temperatures is not a factor in this 


phenomena on this pipeline? 


A Oh yes, but I wasn't 


agreeing with the two numbers that you gave me, 





nortingofied : 

Q What you're saying is 
that the range of temperatures, bearing in mind that 
the pipe is below ground level, at the start is not 
likely to be as great as the range that I suggested 


to you. 


A What I was suggesting 
to tyouswasiothatiyouctake a.figure of minus 50 below, | 
I don't think we'd be stringing the pipe together when| 


it was that cold. I think we would stop when it was 


substantially warmer. That's one end of the scale], 





the top temperature you mentioned was plus 50, north 
Of 60 we are proposing to operate chilled gas pipeline 
and the temperatures there won't rise much above 
seers the temperature differential then would not 

be as much as you are considering. However, we could 
get plus 50 in the pipe, I suppose, prior to start-up, 
aS the ground warmed up; but at the same time we 
wouldn't have any gas pressure to 1,600 p.s.i. 


So therefore it wouldn't be fair to say high gas 
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pressure and exatt temperature range you mentioned. 
I would point out that the temperature differentials 
per se.can.be a lot higher in pipelines 
constructed in the wintertime when in the temperate 
regions of Canada because they don't chill and are 
Operated at a much warmer temperature. 

Q Isn't it possible that 
the compressive forces generated in that way could 


be of a higher order of magnitude than the overburden 





oragthes fill > 
A ihey,.coula . it avou 
weren't designing, Mr. Scott, but we propose -- 
Q If you weren't? 
A If you were not doing | 


a rational design; we propose to do a rational design 


| 





as a matter of good engineering practice and wouldn't | 
let that condition develop. 
Q Wel... now; Dr. Clark, 


we've discussed over these days in a general way, three 





situations in which it is at least conceivable that 
if there is not adequate design that the pipe can 
come out of the ground. One is -- or come above 
the surface of the ground -- one is ffrost heave, one 
is compressive forces of the type we've just discussed, 
and the third is buoyancy, and what I'd like to 
know is in those circumstance what remedial action 
is going to be the action of choice? 

WITNESS CLARK: Well, in 


all instances the design philosophy is to prevent 


| 
| 
| 
| 
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it coming above the ground under any circumstances. 


Q Well then, you won't 
need any remedial action. I understand that, but in | 
the event that one of these predictions plays you 
fdse, what is the -- how are you going to remedy it? 

A Well, in the case of 
frost heaving, it would occur over a much longer 
time frame than the other two that you mentioned, 
and I can't conceive of it happening duegmegto pirost 
heave since we would be monitoring and we could take 
a remedial measure before it got to within the height 
of the original ground surface, that we had allowed 
for it, and that would involve further surcharging 
during a winter period sometime during the first 


few years. In the case of the -- 





Q léglocould qusthstdpedyou 
there for a moment, do I understand then that the 
only remedy in terms of frost heave and the remedy 
which you judge to be adequate will be increasing 


the overburden? 





A Well, that"*s not the 
only one. 

Q What other ones do 
you -- 

A Well, two others 


immediately come to mind that I think we've mentioned 
themsboth, and that is a localized melting of ice 


lenses to allow it to go back down. 





QO Yes? 
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A And a third would be a 
localized freezing, and that is accelerating the 


penetration of the frost bulb so that the overburden 





pressure, shut-off pressure is approached much more 


rapidly, 


Q I take it that of those 
three, however, overburden is the remedy of choice. 

A In a large area that 
would be the remedy of choice, but on a localized area 
I would think one of the other two would be more 


economical. 


Q Yes. What sort of an 





area is a localized area, in terms of selecting one 
of these remedies? 


A I couldn't put a number 
on it but I would think something over a few hundred 


yards. 


Q Would require over- 


burden solution? 





A Would require -- could 
be any one of those three. 

Q Something under a couple 
of hundred yards? 

A Something within a few 


hundred yards. 


Within a few hundred 


O 





yards. 


A It could be any one of 


those three. 
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Q Wel Dinow ri" m=sorry, 
you were just about to go on to one of the others. | 
A Well, the other one is 
the pipe coming out of the ground due to the forces 


associated with the difference between the lay-in 


temperature and operating temperature, and the internal 


pressure. This of course is a transient problem since 





it diminishes as the soil freezes and the backfill 
freezes. Again, the problems associated with effect- 
ing a remedial measure there would be so great that 

Our design approach would have to be conservative, 

in other words we are not counting on a remedial measure 
to accommodate that particular situation in any instance} 
An unforeseen circumstance, the remedial measures would | 
probably involve -- could be a short shut-down until 
the repairs were effected,and again it would involve 
increasing the surcharge load, would be one approach. 


Q Well, do anyother 





approaches occur to you? 

WITNESS MCROBERTS: "Mr. Scott, 
there is one thing I should also mention with regard 
to’ over-bends and sag bends or side bends, one procedure 
that pipeliners follow as a matter of course is what's 
called hydrostatic testing, and they use pressures 
that are in excess of the gas pressure that one uses 
in the operating line, and in fact the temperature 


differential to be used in that -- at that time woud 





be higher than the operating pressure. differential. 


In fact, while we were still in the field we would be 
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loading the pipe with a greater pressure -- 


Q You would or you wouldn't 





be? 
A We would be loading it 
in the field while the construction spread is on the 


ground, as it were, over sections, and we would in 





fact be proofing the whole design as well. 


Q weld DY. Clark .-— thank 
you =—— Dr. Clark, you were gowng¥to-goyon,-1#@think’, ahd 
mention some other methods. 

WITNESS CLARK: The first 
method would be if during the testing and so on that 
this hadn't been revealed, and I can't conceive of 


a Situation where it wouldn't be, but the -- 
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Q Are you speaking of pressure 
or -- 

A I'm speaking of the com- 
pressive stresses in the pipe, causing a Pewee ion that 
would cause it to come up at an overbend, and 
the one that would come to mind, the first choice, 
would be increasing the sur _harge load. The second 
would be possibly shutting the system down and dealing 


with the pipe, replacing it. 


Q How would you deal with it 
and replace it? 

A A section could be removed 
and replaced, ot cut and replaced. I'm not that 


familiar with the operation and maintenance techniques 
Mica situation. 

Q I take it that the over- 
burden solution is one that has to be applied liter- | 
dlily in “the ‘course of construction rather than later. 
ie Ss Ot sOluLion in shore tewould be available jf 


Of 
the raising/the pipe is a fait accompli. 





A Lf 1c came right out of 
Ene ground, that, wouldn't be™avai lable, no. 

Q 5077 woulda *"f be” correct 
to say then that it is a remedy that has to be applied 
at the same time as the pipe is being laid? 

A It would normally be part 
Gf the “design™ but “if "during “the testing™“one’*got an 


indication of a potential weak area, it could be 





applied at that time. 


Q Yes, and the second method 
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Cr. Exam. by Scott : 
I take it is to replace new pipe, is that the solution? 
A Or CO <Ue out the=particurar 
piece affected and put it back down in and replace it. 


Q Now, what abait the third, 


buoyancy? 

A Well again the problems 
as$ociated with remedial measures for buoyancy are 
pretty severe, which has given us cause to take a very 


conservative approach. 


Again, “cant conceive of “a 
Situation where we could have buoyancy. Buoyancy is 
also, in many areas, a transient problem in that once 
the complete backfill is frozen in, it would no longer | 


be subjected to flooding, except where there is open 





water. 
Q Mes pt Oueee take rttiat 

with respect to buoyancy, increasing the overburden 

isn't going to provide a solution , except to create 


a “great mountain “of *sand ‘or earth? 


A After it has happened, 
you mean? 

Q Yes? 

A Thae's correet,. it would 


very unlikely be a solution. 


Q Wold at “be true *thar 





the only solution in the event that thet problem 
develops, is to retrench and bury the pipe again? 

A The trench would certainly 
have to be cleaned out and possibly widened, and the 


pipe would have to be weighted or else held in the 
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ground with some type of anchoring. 
Q Yes. Is aes eee ae wth 

respect to a buoyant pipe or a pressure problem pipe, 
of an ice bulb going to create any difference, the | 
| 


frost bulb? 


A The frost kLu_b? : 
QO Yes. 
A Once the frost bulb is | 


starting, there's no longer access to the water -- 
for the water in sufficient, quantity to float the 
pipe. This is what I meant, that it was a transient 


problem. Largely associated with the inactive season 





between construction and time of start-up. | 
Q Dr. Clark, I wonder -- I 
want to ask you some information about bore holes, 
and I wonder if you can get before you the first 
alignment sheet of the cross-delta alignment sheets. | 
It's number 1K0200-1005. I'm sorry, it's notthe 
first one, it's A-0200-1005, Well, now I really want 
to perform a little exercise to see that I understand 
how you read the bore hole information as it may become 
Significant, when we don't have this panel with us. 
Now, I take it that at the top 
of that page are bore hole logs, the quadrilateral 


boxes that are shown one following the other along 





the top of the page? 


A That's correct, yes. 
Q And the number at the top 
of the log box refers to the alignment sheet where | 


| 
the same number can be found, and that is the paaarnent 


- 


: 


t 
Pre — o. 
Tur we 4 


i 












ae 
1s 


Se 


e 
7 
a 


t 
- 
7 






A iv ,sonsesta ong zl .2sY > 


7. 


soaig moidorq stvesesiq & ta eqiq tasvord & ot + 



























Mb, i a43 ,songisiith yas giso1 of pntoe tue « dei % 
i | ¢dlud teoxt 
; 


Sdied s,e0rt oT A 7 
j 
35 7 oO 7 ! 
j 1 
¥ 
é ilyud seout edz? sone a 
. = staw edg of stenoses we¢dolsom a* stents , patszetea 
ord cof? of veisinsyp tooboriige at 19dew att 0% 


jnaienestt « sew 22 tefas ,tanom T Jasw ai eiht .sqiq 


neese2 éevistosni efa dtiw betsiooees yispisd ~meldoig 


2, ané4 bas motstouxszenom aeswied 
i -- ¥Sbnow tT yztrseio .10 e 


esloHh eved tuods Aottentoink emoe voy Ags of Sasw 


‘ By 
i sevtt aft voy, exotsd tsp Ges voy ti ysbnow I bis 
} ,2tjeade jAnemapiis silesb-eaoto, eda, 2c toede taemampiis — 


o's; .vrzer mr ,@001-00S0Al 2edmun: e'si 
| suew yfdsex I won tisw .200E-90R0-A a‘ti ,2@n0 ats 
banterebau I tard ese oft setomexe eloail s mxoizeq oF 
Sones van +£ es noigemzoinai sien syed efit Bbeax soy worl 
) eu atiw fensg aids overt 3'nekh ow asdw «ins iliopie .? 
aos eft 26 tedd di sles Two 

: isyeteliubesp sit ,apol siod, ez0d ozs. een: ads ee | 
| enols yerdo sd poaiwollot so rer a. waxed Bs 4 

. ra ee A 








23y .dDSeTtyoOo g'jsnh? A 

got sit 36 asdmun on3 baa Q 
7 : 

esisiw tesde {neeNGERS sit 9 Seay a 


' wd ie 
aig edd,et Inds bas 5 , bao: 


3591 
Clark, Hollingshead, McRoberts, 


ALLWEST REPORTING LTO. Slusarchuk, Morgenstern, Cooper, 


BURNABY 2, B.C. 


ine) 

















Hardy, Williams 
Crs sam. DY SCOUT 


Olether pore NoLle; 1s) 1c? 

A That's correct, yes. 

@) And the date I take it 
below that, is the date on which the bore was taken 
or the sample was taken? For Example, N 74-800 
april, 1974 would be the date of that bore? 

A That's my understanding, 
yes. 

Q Yes. Now I also understand 
that if you know how to read those logs, they show 
the depth of the various levels of soil as revealed 
by the bore? 

A Yes) Sir. 

Q For example, on that log 
you see the depth 200, 350 and so on? Pardon me, 

Lees7 20% ‘ 

A Yes, 2075 35; 

Q And that bore, for example, 
is 97 and a half feet, would that be correct? 

A Yes. 

Q How does it show the 
kinds of soil at those various depths? 

A It's shown by the symbol 
which relates|to the unified classification system. 

QO And I take it the unified 
classification system is a traditional system of 
identifying various soils? 

A Thats correct. 

QO And I think in the material 


you have filed, there is a catalogue of what those 


| 
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2 shonthand.-abbreviations refer to under that system? 

2 A Ei abecseCOrrect.. here is co 
3 | legend in the right hand corner. There's some modi- 
4 fications to the unified system,but nothing very 

5 extensive. 

| Q NOW aes ono. ttia > che 

7 | bore hole diagram also shows the amount and form of 

3 | ice and/or water that's to be found in the soil? 

9 A Some do. 

ea Q Yes. Could you take one 
ah of those and perhaps N-74800 and show us how you 

>| determine that from the bore,hole log? 

13| A Well the shaded portion 

14 | Wwould.indicate thatyitis.trozen for the,entiredepth. 
a The symbol -- 

| 

16 | THE COMMISSTLONERs ~edust so I'l? 
17) know where we're at. The bore hole N74-800 was a bore | 
18 hoke, that «vou .put.dewn ,in April, 1974 at.the west 
19 || side of Shallow Bay, where the pipeline -- where the 
~ two pipelines, the dual lines, enter Shallow Bay. 
pal We're talking about the same 

22 | thing here? 

Pam : A That's correct. 

24 | MR. SCOTT: Q How do we determine the 
254 form of water, or the presence of water? 

26 WITNESS CLARK: 

aud A I believe that the right 
28 | hand column of each of those particular boxes shows 
29 | the moisture content. 

30 | Q expressed in percentages, 
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1 | [take lit? | 
2| A Percentage of water related 
31 to the percentage -- or the weight of water to the vou 
4 weight of that particular sample. | 
5 Q Yes¥elbut) out, of_hundreds? | 
él A Percentages, yes. 
7 Q Yes. Now, is there inform 
8 | ation concerning these bore holes, that is not shown 
9 | in the diagramatic box on the top of each alignment 
10 | sheet? For instance, what about the compactness of | 
ony the sediments? Is there anything that shows that? 
12 | A The dry density and perhaps 
13 outer break limits and grain size distribution would | 
14 | noty bea shown. onethis;particular,.iog.+,That.would. be | 
15 | Shown on a full test hole log that would accompany | 
16 | the report, the geotechnical report on this. | 
17 | Q But I take it that that | 
18 information is available in that book which has been | 
| 
19 | filed? 
20 A If those tests were run, 
21) and I don't recall to what extent, except I know 
| 
Le there were some grain size curves run, and if the 
3] normal routine to run, if you have an undisturbed 
24 | sample, to run a. density test as well as outer break 
| 
25 | limits if it has a plasticity index. 
26 | 
27 | 
28 | 
ae 
30 | 
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Q Woid it be correct to 
say that in the bore hole book that you have filed, 
if you've got it it's in that book? | 

A Wes) Sa ryarist tshowlid ube: 


Q 1 Evre ts) notein cthat ebook 





at the date of the filing of ‘the bookmat least you | 
didn't have it? 

A Thae’ sight. 

Q Now apart from that, 
what other kinds of information about bore holes would | 
you normally have? 

A Well normally you have 
aivisualeclassificationsof the ’soil type in the ice. 


You might run thaw consolidation tests. You might 





run strength tests. These are fairly routine tests 
that we run on occasion when required. 

Q Now just looking at this 
Sheet, for example, is there any way that you can tell 


from the sheet whether the sample shown with respect 





to any bore hole log is undisturbed or a disturbed 
chip sample? 

A No, you couldn't tell 
from this sheet. You would have to go to the original 
log where there are symbols that indicate whether 
it's an undistunmbed or pored sample. 

Q Could you just explain | 
briefly the difference between a chip sample and an 


undisturbed sample? 





A A chip saple would be 


pl Wire yee 
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cuttings that are brought up often by “air “Erom the 





cutting teeth at the bottom of the drill rod, and at 
various intervals we then put a core barrel, usually 
in frozen soil we use what's called a core barrel where 
we core for some number of feets, “two Pto “Ei ve feet "and 


| 
| 
that is then brought up and it's packaged and kept in | 
an undisturbed frozen Manner yntil it reaches the | 
laboratory. 

Q Would it be correct in 
layman's terms to compare the two this way, an undistur- 
bed core sample is one in which a dimension of the earth 
is simply lifted out and remains intact and physically 
undisturbed until it is analyzed? 

A That's correct. 

QO A chip sample, on the 
Other hand, would be a sample, would be the kind of 
sample that would be produced for example if you used 
an ordinary drill and got, as you would in the case 
of wood, shavings coming out the top as the drill went 


down, 


A That"s*correct. 





Q Do you-know what proportion! 
of the drills on which you've relied are based on chip | 
aS Opposed to core samples? 

A I haven't made that 


analysis. The information should be available on the logs). 


| 
THE COMMISSIONER: But you 
Say, looking at this alignment sheet, we don't know 


whether these samples are the one or the other type? 
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A In fact the alignment 
sheet doesn't show where samples were taken. | 

MR. SCOTT: Except in a general 
way. 

A In a general way relative 
perhaps to the moisture contents, but there could be 


more, and the detail logs show all of this information. 





THE COMMISSIONER: Well, do 
you say that this alignment sheet that I'm looking at 
doesn't show where the samples were taken? Do you mean 
the geographic location throughout? 

A No,( itm falkingwabout 
depth of any particular bore hole, the intent of these 


is not to show that at 4 1/2 feet we took an undistmrbed| 





and at 8 feet we took a chip sample and so on. That's | 
in the more detailed log that would accompany the 
geotechnical data report. 


Q BUtrthiss purportsito show 


=—-L_Lati rightyawhat does thishpuxrportstosshow,, this 
N 74-800? 
A It shows -- 


Q How much farther ahead 





are we now that we've gotten it? 


A It shows the soil profile. 
Q vos. 
A Whether it's frozen or 


unfrozen and evidence of visual ice, according to a 


classification system and it shows moisture contents 





MR. SCOTT: And the particular 
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Hardy ,Williams 
il Crosse Exam y oCOtCt 
2 | depths are shown, aren't they, by reference? 
3 A Yes, to the various | 
4 Stratification. | 
5 THE COMMISSIONER: Well, the 


6) soil stratification from 80 feet to 97 1/2 feet you 


classified it, what does that mean? 








om A That means that it is 

1 a Silt of low plasticity with, a, trace of fine sand and 
10 Ae ACOMOL Organic umaterial: in tte Glt"s' frozen, with 
ii 


some visible ice;moisture content ranges from 31 to 
27] , 33% within that depth france. 

13 Q I take it because there 
14 | iseno=tce shown at) the top of, the bore hole, the same 
15) Way aS appears at N 74-801, that —- — N 74-800 was 
not actually out on the ice in Shallow Bay? | 


17 | 7 Maat! Sacorrect. that | 





would be back on the dry groun_d at that time. 














oe MR. SCOTT: Well now, Dr. 
20 Clark, 2 take st that in, the. bore hole Jlogs,. the’ ground 
as ice designations that are used are those that are 
ral laid out in the NRC. Tachnical Memoranda No. 79. 
+1 A That's. my understanding, 
a" yes. 
41] Q And I also am led to 

| 
cael believe -- and I'm easily led om this sort of subject -- 
Py! but I'm led to believe that these designations are intent 
iy ded for use only with respect to undisturbed samples. 
ry That is not with respect to chip samples. 
ch A My understanding is that 
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Clark ,Hollingshead,McRoberts | 
| 
Cross-Exam by Scott 


the classification system allows a drilling supervisor, 
if you like, to give a broad classification of the | 
occurrence of ice and are used of course most reliably | 
with undisturbed samples, but certainly from observing | 
chips, one could get a good feeling within the bounds | 
of the classification system as to the type of ice and | 
quantities of ice there. 

Q Well, apart from a good 


feeling, I take it that you would perhaps then agree 





that there is a potential inaccuracy when these descrip- 
tions are used with respect to chip samples. 
A And even with core Sano! 
Q But more so with chip 


samples. Is there any doubt about that? 





A That\s probably ‘correct, 
but the classification even of soils where one classifies 
agsandy salt or a silty sand im the field, is problematia, 


Within small limits. | 
| 





Q Well now I take it that 
because permafrost is really a temperature phenemena, 
the physical description of the bore hole sample as 
either frozen or unfrozen, without any temperature data 


really doesn't tell the whole story, does it? 


A No, it doesn't. We normall 
have -- would like to have occasionallythermister 
strings in bore holes. 

Q Yes, and I take it that 





this is so particularly when the ground temperature is 


relatively close to the freezing point, a margin there 
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Cross-Exam by Scott 
can make an important difference. 
A That's correct, yes. 
Q Well, how do you get your 
temperature data, or do you have it? 


A We have temperature data 


from a number of thermister strings that are put in 


the ground. Several of them date back quite a few years. 


We periodically read them. We read them a few hours 
after installation as well, or at least at a time 
after’ installation such’ that it would represent’ the 


equilibrium ‘condition’ = 


Q Well, are those part of 
the bore? 

A PmMcseoneyG jpanct Of. 

Q Are those inserted at the 


time the bore is taken, or are you talking about 
something entirely different? 

A Normally at the time the 
bore hole is made. 

Q Yes. 

THE COMMISSIONER: They tell 
you what the temperature is, do they? 

A Thats ght sim. 

MR2S“S@OT T. And that? ‘can be 


of significance, I think we've agreed. 


A Yes sir. 
Q Well, where would you 
find it, for example? I don't see any on this 


particular sheet, for example, any way of telling the 
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Cross=Exam, by, Scott 
temperature. 

A NO 1 Epdoesnit. purport.to 
tetiethe dtemperatures We thaves=—-if inthis particular 


aeries of bore holes a thermister string was installed, 


it would normally be included with the geotechnical 


data report. 


Q I am advised that on some 


of the bore hole logs, which are shown on some of the 
alignment sheets there is a temperature figure. I don't 
want you to get the page out unless you would consider 
i helpful, but on bore hole 3033,as its numbered, therd 
is after it in brackets the figure (88). 

A Inbetter, have ialook. at 


thatthe 3033, (39). | 





Q It's on the alignment 
sheet, the main alignment sheets 1 A-0200-1003. 

A What was the first two 
numbers? 

Q eA O2Z002b00 3. aliiyou 


look at the third in, bore hole :3033, do you have that? 





A Yes, I have. 

Q Now I understand that the 
figure that appears in brackets in that case, 88, is 
the number assigned to the probe, the temperature probe, 
would that be correct? 

A That could very well be 


but hmenotecertainrof that. 
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Cr. “Exam. -by “Scott 


Q Well, what I am concerned 
to know is how do we tell if you have a temperature 
reading for any given bore hole, and if you have one, 
where do we find it? I found one part of the answer 
for myself. 

D teh rat Fyoutiookfatethe 
index page to that book, or the upper left hand 
corner, it shows the number, the drill hole number, 
and then following it in brackets, the temperature 
probe installation number. 


A Tats tcorrecthfyes, 


QO So, am I correct then that 


in those cases where you have a temperature probe 
installed, that it will be shown that you have one 
on the bore hole? 

A It should be, yes. 

Q Yes<o Now, where’ wil} we 
find the temperatures? 

A They should be in the 
geotechnical data report. 

Q Myr information, Dr. Clark, 
based on account, is that there are only some 22 
temperature prob es on the entire route. Do you 
have any information as to whether that is reasonably 
COFPrrectce 

A Nojpethatw svnot’ correct: 

THE COMMISSIONER: There would 
be more, would there? 

A Ves?. sin 


I believe in direct evidence I 


Slusarchuk, Morgenstern, Cooper, 
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stated that my estimate was around 100, and I think 
it's between 100 and 120. 
MR, SCOTT.: | 

Q Well, we've added them up 
in this method on the alignment sheets, and we find 
that there are four at Swimming Point; there is seven. 
near Norman Wells or in that area; and that there 
are only about 10 others elsewhere along the entire 
length of the route. 

What I would ask you to do, 
and I don't suppose it has to be done today, is to 
figure out whether there are temperature probes 
other than those disclosed on the bore hole 
diagrams, and if there are, put us in touch with some 
kind of way of figuring out where they are and what 
they read. ' 


A I would be happy to do that, 





and not all of the bore holes, of course, fall within | 
the alignment sheet window with thetemperature probes, 
but we do have a summary of all of these,when they 
read, at different periods of the season, how long 
they have been in operation and what the temperatures 
were, so I would be happy to provide that. 

Q Well perhaps what you can 
do first, is to determine whether my way of finding 
out the information with respect to the windows on 
the alignment sheets is correct, and then determine 
whether there is temperature information beyond the 
window? 


A Yes, we can double check 
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that. 
Q In short, what we want is 
temperatures on the routds, not temperatures that may 
be found in bore holes elsewhere. 
A By elsewhere, I'mbure you | 
would be happy with one in any given physiographic region. 
Q Li atis ythe only one you've | 
got, I guess we are going to have to learrto live 
with it. | 
A Some of the initial geomet- 
stations were selected, as I understand it, to repre- 
sent a particular climatological region within a 
physiographic division. 


THE COMMISSIONER: Well, if 





there is this discrepancy, Dr. Clark, 20 temperature 
apparent 
readings from an examination of the alignment sheets, 
and yet you did 120 or thereabouts, are you saying 
that there must be 100 temperature readings that were 
takenialong the route, but not within the window that 
we're looking through when we look at these alignment 
sheets? 

A That's one possibil ity; 
the other possbility is that some of the temperature 
probe numbers might have been inadvertently left off. 

I would think that the first is more common, and that 
they would be outside this present alignment sheet 
window. 

Q This one we're looking at 
Usatheycrossing)of,ShaLlow Bay. «That's the. longest 


river crossing, the widest river crossing in this 
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whole route, isn't it? 


A Yes) sir, 
OQ And how wide is Shallow | 
| 
Dayal tas DONT © 
A I believe it's about four 
anda alr mites 
Q And it is shallow, we are 


ledto believe, but these holes that you drilled in 
Shallow Bay, and there are only three of them actually 
beyond the shore on each side, appear to be very 
Shallow holes. Fourteen feet, eight feet and eight 
feet. 

Now, if I'm not reading this 
correctly, let me know, but would those holes take 
you to the depth at which the pipe is to buried 
across Shallow Bay? : 

A The objective of those | 
holes, sir, was to find out how deep the bottom was 
frozen. But they wouldn't take us to the depth that 
we would propose to bury. 

Q Well, nowhere then between 
one side of Shallow Bay and the other is there any | 
bore hole that actually took you to the depthlat which 
the pipe is to be buried? 

A No sir, that was due to the 
type of rig that was being used, which as I understand 
it, could not sample unfrozen soil. Once we go through 
the frozen material, there was little to be learned | 
about going to deeper with that particular rig, This 


was a preliminary tpe of investigation where our 
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intent was to observe where the banks were frozen for 
the full depth and during “this “period how *far frost 


penetrated below the ice cover into the bottom in those! 





Shallow regions. 
Q Well then, this crossing | 
which is the longest crossing that you face along 
the whole route, you CES Ne bore holes that tell you 
what the composition of the soil is beneath the river 
crossing, beneath the crossing of the bay? 
A These holes don't tell us 
that, other than by extrapolation from the on-shore 
condition to the off-shore condition . There may be 


holes by others in that area that we have available 





EO, Us, DuUec@L* menots certain or= that. 

Mit tro Odes 

Q Dee Clarks the difficulty | 
that confronts me is this: One of the concerns that is, 


| 
raised, has been that there may be permafrost below | 
Shallow Bay, and because -- no, let me begin again. 
Thelconcern that has been rabed 
is that if there is no permafrost be lowShallow Bay, 
there may be a frost heave problem with respect to 


the pipe under Shallow Bay. Now, whether that concern 


ts, aCeuLate or not, or worthwhvle or not, I take at 





that at the moment, you have no way of determining 
whether there is permafrost below Shallow Bay, accord- 
ing to these drill holes? 

A These drill holes wouldn't 
Eelisuswchnat, but Hhistoricarly an thatearea with that 


large open body of water, where it doesn't freeze over 
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the whole area, we would not expect. to find permafrost.) 


My Undérstanding is that we 
have discussed this with, for instance, with Dr. 
MacKay and have gathered information from him as well 
as our bore holes. 

Q Well, he doesn't havefany 
drill holes, does he? 

A I'm not sure that he does 
not. I think he has available to HLM, a& lot of dri 
hole records in the delta, 

Q Well, theresponse that 
some members of the panel have made with respect to 
the problem of frost heave below Shallow Bay, as I 
understand it, is that even if there isn't permafrost 
there, and even if frost heave is potential, that ‘the 
sediments are compacted, and therefore the chance of 
frost heave is reduced, I'm sorry, uncompacted, and 
the frost bulb is going to compact them down and 
therefore not heave up. Isn't that the sort of theory 
that is given to us. 

A Tiago. Davee on -Lt;. and. the 
other part is they tend to be fairly sandy, or silts 
of very low plasticity which have low shut-off 
pressures. 

@) Well, assuming you 
were to find out that Shallow Bay is in fact without 
permafrost, have you any way of telling whether the 
sediments are compacted or not? 

A We have assumed that it's 


without permafrost, because it's the most conservative 
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the whole area, we would not expect to find permafrost.) 
My understanding is that we 
have discussed this with, for instance, with Dr. | 
MacKay and have gathered information from him as well 
as our bore holes. 
Q Well, .he doesn't haveany 
drill holes, does he? 
A I'm not sure that he does 
not. I think he has available to DAM a MOt Or easy Itt 


hole records in the delta. 





Q Well, theresponse that 
some members of the panel have made with respect to 
the problem of frost heave below Shallow Bay, as I | 
understand it, is that even if there isn't permafrost | 
there, and even if frost heave is potential, «that the | 


sediments are compacted, and therefore the chance of 





frost heave is reduced, I'm sorry, uncompacted, and 
the frost bulb is going to compact them down and 
therefore not heave up. Isn't that the sort of theory 
that is given to us. 

A LiatesmDatmt.Oteit, and the 
other part is they tend to be fairly sendy, or silts 
of very low plasticity which have low shut-off 
pressures. 

O Well, assuming you 
were to find out that Shallow Bay is in fact without 
permafrost, have you any way of telling whether the 
sediments are compacted or not? 

A We have assumed that it's 


without permafrost, because it's the most conservative 


| 
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assumption, and yes, we will be doing drilling programs 
there, but we will be using specially designed 
piston samplers for instance, to get undisturbed 
samples which will tell us density. 


© Yes -- 


THE COMMISSIONER: Specially 
designed what? 


A Piston samplers. You see, | 


in compacted soils of deltaic deposits are very 
hard to sample but there has been equipment designed, 
my understanding is that it's been used off-shore in 
the delta deposits very successfully with a hundred 
percent recovery that would be suitable for sampling 
these types of soils. But it's not a routine matter 
to get a good, undisturbed sample of a very loose | 
deposit. : 

We feel now though, and have 
consulted with people specializing in that type of 


equipment, that the eqipment is available to do that 





now. 

Moe Ons 

Q Well, would it be correct 
to summarize the question of frost heave under Shallow 
Bay this way, that there is no bore hole information 
that tel Iss at this point in time whether there is 
permafrost under there or not? 

A Theres none indicated in 


our alignment sheets, Mr. Scott. 


Q Allorighe. And in the 





second place, if there were no permafrost and the 


potential for frost heave was therefore there, there 
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| 


1| is no information that tells us whether the condition 
Z for your response, namely uncompacted soils, are 

3 | there or not? | 
4 A No, we are not relying on 

5 |i the soils being of low relative density. We'rerelying 
6 || more on the shut-off pressure and if necessary, we Can | 


7 | go to a deeper burial. We think that the fact that 





8 | they have low relative density will assist us in the 
ereacts 

De frost !assesment or potential, that it would have less 

10 potential. There is evidence of this, substantial 


iG) evidence, that very, very loose silt deposits develop 


12 ice lenses, but not much of a heaving pressure. 
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Cross-Exam by Scott 

Q enwcetwis (Dra Clark: 
another specific instance of an area in which much more 
intensive drilling is going to have to be done before 
final design? 

i A Yes, we will be doing 
much more drilling here before final design. 

Q And f take it. that. in 
connection with that you will have to do much more 
testing of temperature or determina asonod temperature “ron 

Spot the spot on the routes. 

A We would do some more, 
yes. 

Q Now, with respect to 
those additional bore holes that you will Buk an avou 
and the other witnesses have told us of specific 
kinds of problems areas where you would contemplate 
bore holes. Do I also understand that you are going 
to do additional bore hole work on the overland areas 
of the route too, and I’m leaving out -the  .rivers and 
the slopes and the particular problem areas. 

A In some areas, yes. 

THE COMMISSIONER: Well, Dr. 
hark: the only bore holes beneath Sneeey Bay itself 
were the bore holes that you put down to determine how 
deep the bay was. 

A No, how deep the frost 
penetrated. We determined the depth of the bay by 
soundings. 


Q 
Q To determine how deep 
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the frost was? 

A How deep the ground was 
frozen into the bottom, yes, at those holes. 

Q All right. Now those 
holes were done in April, 1974, a year ago. 

A Yes sir. 

Q And there have been no 
holes drilled since to which you can refer the Inquiry. 

A Some of these holes were 
drilled in September of '74. 

Q I'm looking at the holes =e 

A Oh, the ones in the 
middle? No, they would be -- 

Q No, the holes from one 
Side of Shallow Bay to the other, leaving aside those 
clusters right at the shoreline. 

A Yes, those were drilled 
in April of '74, and on the other side there were some 
drilled in September, but no holes were drilled in the 
Open water in September. 

MRes oCOLTTS owe ll, Dr. Clark, 
let's leave aside the problem areas such as river 
crossings and marginally unstable or potentially stable 
slopes or whatever they are, and areas of that type 
that have been discussed with particularlity, and let's” 
just deal with the overall route. Now, you have told 
us that some bore hole drilling will be done on the 
overland portions of the route. 


A That's ‘correct. 
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Q Now what I'd really like 
to get from you is some kind of indication of how often 
it will be done, what the spacing will be between the 
bore holes as you move to final design. 

A There's no possibility 
we could give you that indication. For one thing we 
will be doing geophysical surveys in certain areas that 
will only, after that is done we will determine that. 
In many lengths of the route, I am sure, we will not 
require any additional bore holes. 

Q Well, the recommendation 
of the Department of Public Works, as you may know, for | 
the Mackenzie Highway, is that on the route bore 
holes should be taken every 1,000 feet or approximately 


5 to a mile. Now, are yougoing to have the spacing 


program of any type at all like that, or what? 


A Not as a generalized 
rule like that, because their requirements are so much 
different from ours. 

Q Well, what concerns me 
for example, is that if you look on the alignment 
sheets for the cross-delta route, you find for example, © 
that the bore holes you have are quite often three or 
four miles apart, and there is one space of some 30 or 
32 miles where there aren't any bore holes at all. 

Now, what is going to be done about that? 

A Where is the 32 miles 

where there are no bore holes? 


Q The easy way to find it 
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is to refer to Mr. Williams' Summarygnl thinkis T 
can perhaps find the sheets for you. By Travaillant 
Lake, we start on sheet No. 1 L-0200-1017. 
MR. MARSHAL: Es@bhatcExhibitas7ito 
Wich you're referring? 
"Drill holedata for pipeline routing in 
Yukon Territories and Northwest Territories." 


MR SCOTT: It's the alternative 


-cross-delta routing alignm_ent sheets. 


MR. MARSHAL: The information as to the 
drill hole data, is that Mr. wWilliams' summary of that? 
MR. ESCoOrre That isn't where we got 
the 30 miles, but I think it's reflected in that. 
THE: COMMESSTONER:.@E Cthink “that 
was an axhings & Do you have it, Miss Hutchison? 
MR. SCOTT: We have analyzed 
on the basis of this information that just near Travail- 
lant Lake there is about 30 miles where there are no 
bore holes at all, and I wouldn't be perturbed about 
that because you've told us that much more is going to | 
be done. I'm anxious, if I «can; to get a statement from! 
you, about how it's going to be spaced? 
A THE spacing’ is normally 
a function of the variability of the terrain. The 
homogeneity, and what other information is available in 
that general area. 
Q Well, do I understand that 
it is not possible for you on that basis to give any 


other answer? 
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A Not right at this time 
because I don't think we can generalize on spacing. 

Q SOnthbateIasuppose. it's 


conceivable that you might go ahead to final design 


and have an area of 30 miles where there are no bore 


holes. 
A That's inconceivable to 
me. 
Q Well, why is that incon- 
ceivable? 
A Well) 2t'\s) just normally 


that I can only think of one area where there is a long 

stretch now with no bore holes, and I'm nadsure that 

it's Travaillant Lake. Again there was a lateral shift 

there, so as I say, there are no bore holes, you can 

say there's none in this alignment sheet window. The 
would 

terrain units /’no doubt have bore holes. 

Q No, butte pue Te tocvyou 
that it's inconceivable because you would agree surely, 
that, one.of the. ‘principal sources of VOUT Int ormation 
as to the quality of the soila@md its iciness or not 
in. the ditch and in some areas more important below 
the ditch is to be found from the bore holes. 

A Not exclusiely. 

Q Not exclusively, but 
it's one of your principal sources of information. 

A iets atground txuthing 


as we have used them now, but it's not the only tool 


we use. 
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Q Why do you regard the 
standard as selected by the Department of Public Works 
for the Mackenzie Highway as inappropriate to a gas 
pipeline? 

A Well, the criteria’ ror a 
highway is just so much different than for digging a 
aitcn, 

Q FOrraLoginG a iirtcch and 
PUETING a plpeline in it, 1s that what you're saying? 

A Yes, the criteria for the 
highway is just much different. 

Q Well, when you say "the 
criteria", what do you mean, the government rriteria? 

A No, the requirements for 
a highway design. ‘ ' 

THE COMMISSIONER: You mean 
the criteria of good engineering practice, is that it? 

A Yes, they are concerned 
with the fill that they are building up has to have 
certain structural qualities, and they require support 
from the sub-grade whether in a thawed or frozen 
condition. 

MR. SCOTT? Well, migntn ' e*1t 
DemcG i. Lath, ooliat there 1s Tittle criteria for 
good engineering design in chilled buried pipelines 
nothis country? “fhat's obviots, Ysn*t it) at this 
stage? 

A NO; .etounk tne criteria 


, have 
we established is good. 
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i Cross-Exam by Scott 

21 Q No,, I shouldn't have used 

3] "criteria" perhaps in that sense, but the experience. 

4 | A The experience is limited 

5 | to the test sites. 

6 QO Yes, and that therefore 

7 at least in this sense you are proceeding on a voyage 

2 in which there are a good number of unknowns. 

2 | A It's a matter of level of 
19 | detail. I don't see any major unknowns. For instance 
ea | the drilling of test holes, unless it can reveal some 
12 | Significant information that we don't have, even though 
137 ilike drilling lots of test holes. 1. woulda be 
14) irresponsible if I recommended something that wasn't 
15 | appropriate. 
re | Q Yes. Do you make the 
17 same observation with respect to the areas of discon- 
13) tinuous permafrost? 

19 A No; ait becomes: a ditt le 
29 more important in discontinuous permafrost than con- 

21 tinuous. 

22 | Q Well, is it -- amI 

3) correct to understand that what is really happening here 
44 | is that you areplacing your reliance not on mile by 

25, mile bore hole analysis, but rather on the geothermal 
28 computer analysis? 

a A Not entirely, no. We have 
45 the terrain typing as well. 

of Q Well, leave aside the 

“2 terrain typing for the moment, isn't it reasonably 
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clear that you're putting your eggs in the geothermal 


analysis basket? 


A Only for the ground 
temperature regime. 

Q Well now, in the evidence 
given by panel 1, we were told -- I don't have the 


reference for the moment so you'll have to take my 
word for it -- but as you move toward final design 
there would be a progressive upgrading of the terrain 
typing on the alignment sheets. Is that your under- 
standing of what will happen? 

A My understanding of what 
will happen is that the analysis of terrain typing that 
we have done now, which includes all of the bore hole 
information that has been made available to us, would 
be updated as any more bore hole information becomes 


available. 
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Q It's not going to be up- 
dated any other way, is it? 
A iedon’t. fol low that 
question. 
Q But panel one tells us 
| that«ib's going to be updated. 
| A Yes. 
Q You have told us,and your 





panel has told us, that there will be more bore holes 
at specific locations where there are problems, and 
that there will be some more bore holes where there 
are changes in terrain, but you're unable to say, at 
this moment, how many. 

I take it there is no other 


way in which this terrain typing can be affectively 





upgraded? 

A It could be upgraded by a 
couple of other ways, one is by on the ground 
reconnaissance, both by ourselves and others in areas 
where there is some question now as to the terrain 
typing. We have given a number of those examples in 
one of the reports listed, I don't have the number, 
where we compared the terrain typing with the Groen. 
surficial geology work for instance. 

We would also have our geo- 
physical studies that would be informative. 


Q So that the updating is 





going to depend on reconnaissance, the geophysical 
studies and bore holes? 


A Yes, sir. 
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Q And.I take it.that you're 
not in a position at the moment to tell us how much 


of any of this will be done? 


A Not at the moment, that 





is one of the studies we are undertaking now. 

Q i note, for example, that 
on the cross-delta route, the terrain typing map 
show the whole delta to be one terrain type, I think 
it's MRD, or something like that. Isn't that a classic| 
case where more sophisticated terrain typing may be 
required as you go towards final design? 

A MRD, is the Mackenze River 
Delta. 

Q Yes, that's the. terrain 
type, and you know, the whole delta is shown as one 


terrain type. I'm sure I couldn't have told you that | 


in advance, but you know, it doesn't seem to me 


that it's very sophisticated mapping at that level. 

A I believe the bore holes 
show a relatively homogeneous material through there. 
There may be subtleties in soil types that would be 
of interest to us, but it's pretty homogeneous. 

Q So do I understand then 
that you don't contemplate any upgrading in that 
area? 

A We certainly contemplate 
additional bore holes. 

Q How many? 


A AS Many as required to 





effect the final.safe design. 
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Q I guess I will get through 
this one way or the other. 

When are you going to have 
that information? 

A On the Mackenzie -- the 
delta bore holes? 

Q The whole shebang, what 
your bore hole program is going to be? 

A Tam trying _tolrecalilvour 


schedule. As I'm sure you realize by now, we do 





this I think, in a very logical way. 


QO You are not asking me to 
answer that, are you? | 

A I believe the plan,the | 
project plan calls for us to have our final field 


drilling programs pretty well outlined within this 
year, and some of them will be initiated thisyear. 

Q Well now, one or two 
other matters. Are the alignment sheets for final 
design to be prepared on a larger or a bigger scale 
than the present ones? 

A They will be orthophoto- 
Mosaics at a scale of one inch to a thousand feet, 


with approximately a two and a half mile strip centred 





on the line contoured, 





Q What's the contour ne 

A Tt wares ialong, the dine, | 
I'm going back to recollection here, I believe it's 
five feet, but at specific sites it would be down 


to. two and: a half feet. 
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Q Well now the present sheets 
have a profile I think at the top, which has I gather, | 
been prepared from information available on existing 
maps; youre familiar with that? 

A Yes, that's correct. 

Q When would the Survey in 
your sequence ordinarily be prepared and shown on the 
profile? 

A Phe +acetualmrield @survey-: 

@) Yeah, or when is the -- 
is there going to be a survey done that will provide 
on the maps a survey profile, apart from topograhic 
maps? 


A Yes, that's my understand- 





nia 8 fs 
Q Yes. | 
WITNESS WILLIAMS: 
A When the orthophoto mosaics 
are obtained, of course that will provide a much more 
accurate profile than what we have shown now. During 
the time of the location survey and on the ground | 
profile will also be taken. 


Q Neo, Dtake at-<that for 





the purposedof final design, the orthophoto maps are 
going to provide the profile? You won't have done 
any surveying at that stage? 

A I would think for a good | 
percentage of the route, if there is some areas that 
required some more detailed field work, certainly it 


would be done. 
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Q And gikp~takesdt justcsoelk "ll | 
understand it,orthophoto maps are just more precisely | 
detailed and sophisticated maps or phdographs then a 
topographic map or an aerial survey map, might be? 

A Yes, the photographic - 
window will be similar, but as Dr. Clark has just 
described, to a different scale than what we have 
shown in the application, and they will be photograph- 
ically assembled on the sheet in a manner that will 


give you a much truer picture of physical features 





and soieforth doit httakes ,out «the, distortion-.of the 

photography, so that the mosaics can be -- you can 
use a scale on them, for instance, to much better 

accuracy than the ones that we have submitted, 


Q Well now, in your evidence | 





you have, Dr. Clark, reported that after tthe pipeline 


made 
profile of the route, I presume/from the ditch 


| 
ditch has been excavated, you will prepare a geological 
itself? 


WITNESS CLARK: 


A We would collect pertinent | 


data from the ditch and incorporate it into a data 





retrieval system. 

Q Yes. Now, in the canned 
evidence, I don't have the page, you refer -- and I 
just want to be clear, #o the preparation of that 
catalogue, as you call it, prior to and during con- 
struction. 


A Yes. 





Q Now, does prior to mean 
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l sometime prior to, or Jdoes Tit meansimply immediately 

2 after the ditch is dug and immediately before the 

3 pipe is buried? 

4 A No, the system will have 

5 all of the information that we have now, incorporated 
6 into it before the start of construction, and it 

71 will also include any additional bore holes that we 

8 | do for the pipeline or ancillary facilities prior to 

9 the start of construction. 

10 During construction it would | 
inal include any bore holes put down at that time, plus | 
1) the significant observations along the ditch. 
3 Q But ik take atcthat: that 

14 a@talogue, whatever its later utility may be, is not 
154) going to be available as a design tool? 
16 A It would be available as 
iL4/ a design tool with all of the current information 
18 in it. At the end of each field program, for example, 
19 all of that data would be included in the data | 
20 retrieval system. : 
PN Q a0 sorry, I haven't | 
ore made myself clear. I understood from your evidence, | 
23 and the canned evidence, that a detailed catalogue, 
24 a geological profile after the ditch has been excavated, 
25 will be prepared, and it was indicated in the canned 
26 evidence that it would be prepared prior to and during 
O24 construction. I'm trying to get in between the prior : 
28 { to and the during. I take it's not. going to be 

Ze prepared sufficiently in advance of constuction 

30 that it will be a design tool? 
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A It's under preparation 


now, as I understand it, so as a matter of convenience 





to recall, by using a computer, any information 
we require that is available in a certain area. 
Q Apart from bore holes, you | ° 
stretches of 
don't intend to dig any/trench or dig into the ground | 
as a design tool? | 
A Nol sai r,) Noy 
Q I'm concerned about the 
relationship between the design forces available to 
you, and the construction forces, and I take it 
that it's obvious that the responsibility for build- 
ing the pipeline on the ground is going to lie in 


the hands in 4 staff of constructiomlengineers? 


} 





A Yes, sir. 
Q And that will be an ereaeeat) 
different route than the design engineers? | 
A My understanding is that | 
the design engineers will have the responsibility to 
see that their designs are properly implemented. | 
Q Well, now what does that 
mean in precise terms? Is this panel going to go 


Out On the route from day to day? 





A I would suspect that 
certain members of this panel will do just that, but 
there will also be a trained staff, inspection staff, 
who would be directed by members of this panel, 


among others. 





They would be guided by the 


Design Change Manual, as well as the design manual. 
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Q Well, I won't ask for 
volunteers from the panel to spend that long winter 
in the north, but do I understand you to say that a 
design engineering monitoring group is going to be 
formed? | 

A The nucleus of this 
exists now, to ensure the quality control of construct- 


that 


ion, ‘our designs are implemented in the manner in | 
| 


which we intended. 


In other words, we have the 





responsibility for the design. We will also have the 
responsibility to see that they are properly 
implemented. 

Q Well to whom is that 
group going to report? 

A That group would, I believe, 
report to Canadian Arctic Gas through Northern 


Engineering. 
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Cross-Exam by Scott 

Q IN eY SE oe 

WITNESS HARDY: If I may be 
of help here, Mr. Scott, this matter has been the subject 
for discussion in the Board of Directors of N.E.S. 

Now they have actually had no instruction from Canadian 
Arctic Gas to proceed with an organization to do the 
necessary inspection, but they are giving it study. It's 
nota thang that has ybeen neglected, I can assure you, 
and it's not going to be a matter of this panel going 
out and doing the inspection themselves. The situation 
in terms of manpower will be something comparable to | 
what there isduring the design as compared to myself 
in the old days as a one-man operation attempting to 
Oma ts: 

MR. MARSHALL: Mr. Scott, this 
area of supervision and control during construction is 
of course one that can come up with the construction 
panel andagain with the company policy witness we've 
undertaken to produce at the end of this phase. 

MR. SCOTE: .Lt-.will be dealt 
with by the construction panel and they will no doubt 
have their own views about how this design corps of 
monitors are going to act, and I'll be interested to 
hear that. I'm also interested to hear how the design 
group feels this design corps of monitors is going to 
act. For example, Dr. Clark,..if they are dissatisfied 
with the construction work that the company constructing 


the pipeline is doing, what are they going to do? 


WITNESS CLARK: Well, they | 
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would immediately make known their dissatisfaction in 


have responsibility for design. 


| the same way that we do on any other project where we 
| 











Q To whom? 
A Presumably to Canadian 
! Arctic Gas’. 
Q Well, what I'm concerned 


about is, have any plans been laid for co-ordinating 
| the construction responsibility and the design supervision 
responsibility? 


| A No detailed plans, but we 





have been told that we have the responsibility to see 
that our designs are properly implemented. 

Q What sort of manpower 
do you think you're going to have in this design monitor- 
ing group? 


A That again is under study 


| 


now and I believe there are some preliminary estimates, | 





but I don't know the figures, Mr. Scott. 


Q Does anyone on the panel 


know the figures? 

A re rather de@ubt mt ,j.since 
this work is going on by other members of our staff 
while we've been here for the last several weeks. 

Q Well, I'm sorry I've 
kepts you; ina-therdark ,t»Du.wChark,. 


WITNESS HARDY: Well, Mr. Scott, 





Q Dr. Hardy, do you know? 
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A AS ha OLrecuOLeot - N.n.o. 
the sort of figure we have been talking about is up 


the order of several hundred, something like eight or 


900 people, and there has been -- 


Q Monitoring design, is that -- 


A The increase in staff of 
N.E.S. to look after the inspection of the construction 
that they are now designing, and that is under 
Committee study by N.E.S., despite the fact that they 
haven't any actual contract to go ahead and recruit pa 


Staff; but I personally have given consideration to 
what the situation will be in the geotechnical end, if 
we have to provide what we think might be the adequate 
inspection to be sure that our designs are looked after, 
you see. : 

Q What is the estimate as 
to the number Of engineers, Dr. Hardy ,/ that. you. judge 
will be required to perform this geotechnical monitoring 
service? 

A Well, the figure, you see) 
at the Committee level, you see, just as almost an eye-, 
ball figure as to what we may need, it could be in 
the- order’ of 80 or 100, but these are not Ph.D's in the 
field of geotechnical engineering. These are inspection | 
type staff, plus engineering staff that have the 
necessary background to supervise the work. 

THE COMMISSIONER: Well, Dr. 


Hardy, you said 800 a minute ago. Now you say 80 or 


90, and I gather of this 80 or 90, some may be 
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engineers and some may be people of lesser qualifications. 
I don't know whether that's adequate or excessive, but 

A The discrepancy, I think, 
SiG otha withthe S00 ,ithat order of figure, that 
is the manpower requirements that N.E.S. in their first 
approach, that's Northern Engineering Services, for 
the .complete operation I'm thinking about. Dealing 
with the geotechnical work, we can see that we might - 
have Schererae sae ts down around the figure of 80 to 
100, you see. In other words, they're pipe inspectors. | 
We would not be providing pipe inspectors. The smaller 
figure is the people that would be trained to deal 
with the soil conditions that we need to watch. 

Q But you would have 
people who are not qualified as professional engineers? 

A OO syn Ves. 

Q Studying soil conditions 
and inspecting pipe. Now that may be entirely in accord- 
ance with good engineering practice, but in any event 
the figure you gave us, 80 to 100, would include the 
majority perhaps of people not qualified as professional 
engineers. 

A There would be all 
grades, you see, and there would be a preponderance of 
people that are the technician type, or trained 
specifically for the job. It would be quite unreal-. 
istic, you see, to suppose that we could put -- get 


the number or professional engineers that, if we have 
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: Cross-Exam by Scott 
‘| to staff all of these positions, with professional 
$j engineers. 
4 Q Oh yes, I understand that. 
5 | A There will have to be, 
6 this is part of the game of course, but how can you 
7 Overcome that? I've had some experience with this 
fy very thing myself some years ago, and you can actually 
a train a man to do a man to do a specific job. 
10 | MR. SCOTT: Well, Dr. Hardy, | 
11 USt Soul ML have’ sit clear, and recognizing that the | 
12 plan is in its opening stages, how many qualified | 
13) geotechnical engineers do you think are going to be 
| 
14 | woking or should b_e working on this pipeline route 
15 | to do this monitoring work? 
te) A Sup unas be yau say? 
17 | QO Yes. 
18 A Well, we would actually 
19 take all we could get. 
” Q Well, how many is all 
21 you could get, if there was an unlimited market, what 
a is the number that you need to do the job? 
a3 WITNESS CLARK: We have those figures 
24 Mr. Scott, but they are not here with us. 
ail Q mbc le ery. 
26 | Hardy seemed to have some. 
ah WITNESS CLARK: Well, at a 
<8 | broad scale, for instance, we now have in the profes- 
a sional geotechnical staff in the 30's, between 30 and 
8 40 people now. 
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1 Cross-Exam by Scott 
2 
| THE COMMISSIONER: Excuse me, 

- that would include you gentlemen as well? 

4| A Just those of us from 

| Northern Engineering, yes sir. 

6 Q Well, that's about four 

i | or five. 

| A POur Of us tne the geo- 

? technical area. We have been increasing this -- 

] MR SCOTT: -You-may have to 

+4 conscript some of those professors. 
22 A We will be increasing 
this year, I believe the number is up to about 55. Those 
a will be people that will be working on design and on 
43 field work. We have a number of people in the field now 
| on field work, and as we build up ang do our field 

ze work, we will have a large number of people assigned 
+3 to field drilling programs and logically these are 
id the same people that will follow through on the inspec- 
<0 tion. They are familiar with the soils, with the north, 
ah with the environment, working on the geotechnical inspec~ 
as Pionvaspect. of it. | 
ee Q Well, what I am interested’ 
a in is how many -- and take roun_d figures, if you want, | 


do you think are required to provide inspection by | 
geotechnical engineers as the pipeline is constructed, | 
not while it's being designed or anything like that, but. 
as it's being constructed? | 

A Werrt"m- reluctant to Bbc 


round figures when we have available actual figures | 
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“| ' per spread of the people we feel will be 

3 required in the field. 

‘| Q All right. Well now do 

| you prefer to give the precise figures? I'm grateful 

6 for that. I take it that in those precise figures we're 

7 going to have a breakdown of the people who are 

| geo-technical engineers and other inspectors. 

2 A Yes. 

10 | Q all right, and I take it 
oa that the geotechnical engineers who follow construction | 
12 | will be responsible for two things, perhaps among others, 
13 the on-site verification of the -- that the work shown 
14} in the design drawings is being done -- 

15 jj A Yes. 

16 | Q oo) Savicakay oe that 

17 | they will also be responsible for any modification 

18 of the configuration of the various designs as is 
193 | required. 
29 A Yes, working in conjunc=- 
21 tion with the field engineering supervisory staff. 
22 | THE COMMISSIONER: Would this 
23 be a-convenient time to adjourn for a minute? 
a4 MR. SCOTT: If you will give | 
Be me five minutes I may be finished. There may be some 
26, re-examination, I don't know, but -- 

27 I suggest, sir, that we have 
<8 the adjournment, now, if that'’s.0.K. 
a THE COMMISSIONER: All right, | 

eee we will adjourn for a few minutes. | 


| (PROCEEDINGS ADJOURNED) 
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(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 





MR. SCOTT: 





Q Dre Clarke, just to: clear 
one matter that was dealt with beforethe break, have 
we got your assurance that the people who will be 


doing the modification or clarification of the design 


as required, as it may be required during construct- 
ion, will be qualified geotechnical engineers? 

A Yeswoir, that’s ‘our intent. 

Q Perhaps with not the same 
experience in terms of years, but with the same | 
technical qualifications as this panel? | 

A And perhaps even better. | 

Q Oh, it boggles the mind. | 

Dr. McRoberts, the other day ! 
I asked you a series of questions about the expected 
behaviour of the pipe prior to starting, in the event | 
that there was a cracking of frozen ground during the 
extreme weather. For the purposes of the record, 
the answer in the transcript contains at page 3433, 
in Volume XXVII, 

Now, we understand that the pipe 
will, in some circumstances, be installed using | 
controlled flooding, so that in fact in the worst 
case, the pipe would be completely surrounded by 
water, frozen water, ice. Does that lead you to 


make any further comments with respect” to’ your 





answer? 
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WITNESS MCROBERTS: 

A Ferstmofceadl Hadidisay, 
I believe I said, in my -- in response to one of 
your questions, that in fact that was the worst case. 
We will -- 

Q And your answer still 
stands? 

A Well, yes. I also point 
out that the test facility that I mentioned in 
Alaska, Prudhoe Bay, in that test facility they also 
flooded the backfill. 

| Q Well, I read your answer 
a little differently than you do. Take the worst 
case, that is the case -- 

A Perhaps I could see what 
es ai.d-, 

MR. MARSHALL: What's the page 
reference, please, Mr. Scott? 

MR. SCOTT: 13432 wherexthe 
answer is, 

"Well, I wouldn't agree with 
that comment at all. First of all, the amount 
of load that could be thrown on the pipe is 
governed by the backfill around the pipe. 

Now, in the worst conditions that one could 
conceive of is that the pipe would be com- 
pletely surrounded by ice. By and large 
what W© would be doing is digging a ditch 
and putting the native backfill back into 


for 
the ditch, and/the time involved prior: to 
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start-up, the pipe would be held, it would 
be surrounded by loosely compacted backfill 
that may have thawed and refrozen here and 
there". 
A And then I say, 
nid tne upper limit; the 
amount of load that could be transferred 
wouldn't be, in my estimation, no more than 
60 or 70 pounds per square inch". 
I am referring to there, line 
8 above that, where I say 
"Now, in the worst condition 
that one could conceive of is that the pipe 
would be completely surrounded by ice". 
{I qualify that by saying ‘by and large, we wouldn't 
’ by ,ice 
be surrounding the pipe completely although I do 
understand as an option we would consider flooding 
the ditch as a buoyancy control measure. 
Q Well let me ask you this: 
Does your judgment about the situation vary if the 
pipe is completely surrounded by ice as a result of 
controlled flooding? 
A There's. a difference, but 
-- there's a difference between fully flooded, and 
non flooded or just native backfill, but even under 
the worst conditions, F am satisfied that there’ would 
be no undue strains thrown on the pipe. 
Q All right. Well now, we 


also understand from some of the evidence that the 


pipe may, in certain locations which aren't specified, 
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15 be bound by restraining hoops which project out from 

2 the pipe. The hoops, assuming they may tend to help | 
3] transfer the forces resulting from the cracking | 
4 ground. Do you have any comment or does that vary 

3 your judgment in any way? | 
6 | MR. “MARSHAL: piMns Scott,.~.could | 
| you refer to some place in the evidence, so that we | 
8 would have a reference point? | 
a ME. teCOTis: 7 No iy can '-t,+ but 

10 there was evidence earlier given that the pipe would 
14 in certain circumstances, we weren't told how fre- 

19 quently they would be placed, be bound by what were 

ee) called restraining hoops that would project out from 
14 the pipe. 

15 MR. MARSHALL: I think you're 

16 perhaps referring to evidence that has not yet been 

7, given that would be dealt with in the design panel. 

18 MR. SCOTT: Well -- 

19 QO Dr. McRoberts, you're 

20 familiar with the restraining hoops, are you? 

od A in think, [eam,jves. 

Ae Q Aady right. 

a3 ; A I don't. see why a hoop 

24 around would change the amount of add freeze 

25 | transferred on a given surface of the pipe. 

2G" Q Is it your conclusion 

yi then that it won't make any difference to your 

28 opinion? 

ag A I. still. think. that. insofar 





30 as I am aware of the geotechnical implications, I se 
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Clark, Hollingshead, MCRObeueee 


Hardy, Rati ane 
Cr. Exam. Dy Scott 


think ice wedge cracking is a problem. 
Q Well then the answer is | 


yes? 





A Yes. | 

MR oCOTD: Mrs Commissioner, | 
with that short exchange, I want to thank the panel 
for its patience, and those are all the questions I 
have. 

MR. MARSHALL: Mr. Scott will 
be pleased to hear, sir, that we have no re-examination 
of this panel. 

THE COMMISSIONER: Well, it 
sounds hard to believe, but it looks as if that is | 
the conclusion of your evidence here, so I would 
like, Dr. Clark to thank you and all of your colleagues | 
for being so patient with all of us, and we appre- | 
Ciate -- certainly I do very much -- your coming 


Nexe, onduexplaining your work in this project to: us. 





So, thank you very much. If 
I were you, I would leave before someone else -- 
someone thinks of something else to ask you. 

DR. CLARK: We will take your 


advice sir, and thank you for your:-patience. 





( WITNESSES ASIDE ) 


MR. MARSHALL: Sir, perhaps 
we could have a brief adjournment, before we assemble 


the next panel. As my learned friend mentioned, they 





are not all here yet, but we propose to start with 
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il the four who are here and the prepared direct 
2 testimony. 
3 THE COMMISSIONER: All right. 


4 We will adjourn for a minute. 


6 | (PROCEEDINGS ADJOURNED) 
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Purcell, King,Koskimaki,Holmberg 
In Chief 


(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
MR. MARSHALL: The panel that 

will begin giving its evidence now, sir, will deal 
with the design of the pipeline. As I indicated, there 
are a number of the members of the panel who will be 
arriving shortly. We do have four members of the 
panel, Mr. Hoyt Purcell, Mr. Graham George King, Mr. 
Carl M. Koskimaki, and Mr. Milton E. Holmberg, and I 
propose to review their qualifications and and intro- 


duce them to .you, sir. 


HOYT. PURCHLL, 

GRAHAM GEORGE KING, 

CARL M. KOSKIMAKI, 

MILTON E. HOLMBERG, sworn: 
DIRECT EXAMINATION BY MR. MARSHALL: 

Q Mr. Purcell, I understand 


you are the project co-ordinator with Northern Engineer- 


ing Services Company Limited. 


A Yes. 

Q And what is your educa- 
tional background, sir? 

A I received a Bachelor of 


Engineering degree and Mechanical Engineering from 
McGill University in 1956. 

Q Your professional 
affiliations? 

A The Association of 
Professional Engineers, Geologistg and Geophysicists 


of Alberta; and the American Association of Cost 


<a ae 
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Purcell ,King,Koskimaki,Holmberg 
In Chief 


Engineers. 

Q Would you review briefly, 
sir, your professional experience, from 1956 Ups Eo: sche 
present? 

A In 1956 I worked in the 
Construction Department of Williams Brothers Company 
in South America. 

In 1958 I joined the Domestic 
Division of Williams Brothers Company working on natural 
gas pipeline construction projects. I then went into 
the office and performed cost estimates, construction 
cost studies, and some miscellaneous angineering design. 

In 1964 I joined the Engineering 
Division of Williams Brothers Company. 

In 1967 I became associated 
with the Williams Brothers Engineering project of the 
Great Lakes Gas Transmission Company. 

Q What were your respon- 
Sibilities in that project, sim 

A 1 Was =esponsibie: for ote 
preparation of progress reports, capital cost and 
cash draw-down estimates during construction, and 
assisting management on special assignments. 

Q And what have you been 
engaged in from 1969 to the present? 

A On. the project«at hand. 

Q Sir, what has your 
overall area of responsibility been? 

A -I have been responsible 


for the supervision and direction of mechanical and 
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In Chief 

1} systems design for the pipeline, and the assessment 
2) _of the feasibility of transporting gas from Arctic 

3 | regions to markets in the south. 

4| Q Thank you, sir. Mr. Graham 
| King, Mr. King, what is your present position with 

6 | Northern Engineering Services? 

7 WITNESS KING: I'm the manager 
=| for the system design group. 

9 | Q Do I understand correctly 
10 sir, that your educational background is a Bachelor 

| of Science degree in Mathematics from the University 

12) of Sidney, Australia, in 1964, and a Bachelor of 

=| Engineering degree in Civil Engineering from the 

14) University of Sidney in 1966, majoring in fluid mechanics 
15 | and soil mechanics, and a Master of Engineering & 

| 

16 | Science Degree in Civil Engineering from the University 
17) of Sidney in 1970, again majoring in fluid mechanics? 
ay A That is correct. 
19 | Q What professional | 
20 affiliations do you have, sir? 

21 A I'm a member of the 

22 Association of Professional Engineers, Geologists and 

23 Geophysicists of Alberta. 

eS | Q Turning to your professional 
25 | experience, sir, is it correct that in 1966 you were 

26 | research assistant at the University of Sidney? 

27 | A Yes. 


were a “post-graduate student at the University of 





. Q And following '67 and '68 
: 
| Sidney? 
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Purcell,King,Koskimaki ,Holmberg 
In Chief 


A That. is, correct; 

Q And sin, 1969? 

A I worked as an engineer 
for the Metropolitan Water Board in Sidney, Australia. 

Q When did you join Williams 
Brothers Canada, sir? 

A Ly LO. Oi. 

Q And what have your functions 
been with Williams Brothers Canada Limited in connection 
with this project? 

A I've been responsible for 
the flow calculations and the system design Of the 
proposed Canadian Arctic Gas Pipeline. 

Q And you have the publications 
that are listed in the resume that has been circulated. 
Sir, we'll file with the Inquiry Lee of the resumes 
that pertain to each of the members of this panel, but 
wait until we've introduced all of them and the whole 
off{he group's resumes can be filed as one exhibit. 

You have three publications 
listed on the second page of that resume, sir. 

A That wwSwcOorrect.. 

Q Mr. Carl Koskimaki, what 
is your present position with Northern Engineering 
Services, sir? 

WITNESS KOSKIMAKI: I'm 
senior engineer and supervisor of the mechanical, 
electrical and local control désign of the compressor 
stations. 
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In Chief 

1 degree in Engineering Science from Montana College, of 
| Mineral Science & Technology. 

3 | A That's correct. 

4 Q That you obtained in 1965. 
5 A Vesa 

6 | Q And your professional 

| experience from 1965 to 1971 was with Mountain Fuel 

ei Supply Company. 

| A Yes sir. 

eal @) What responsibility did 
i | you have there, sir? 

12 A Gas engineer with duties 
13 | including system flow studies, compressor station 

| design, cost estimating, construction and special 

5 design studies. 

16 | Q You A ined Williams 

LF ik Brothers Canada Limited in 1974),,+¢six? 

18 | A Yes) sir. 

19 | Q And what has your 

20 position been from November, 1972 to the present? 

a A Senior engineer and 

22 | Supervisor for the Northern Engineering Services 

| Company Limited. 

al | Q Thank you. The fourth 
25 | gentleman on the panel, Mr. Commissioner, is Mr. Milton | 
28 Holmberg, Mr. Holmberg, you are the president of 

27 | Metallurgical Consultants Incorporated? 

oe WITNESS HOLMBERG: Yes, that 
ce USeCOrrect., 

30 Q And you received a B.Sc. | 
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Purcell,King,Koskimaki,Holmberg 
In Chief 


in Metallurgical Engineering from Penmsylvania State 
College in 1931. 

A vest 

Q Coudcdsyoundést} wsirinyour 
professional affiliations and honors? 

A American Society for 
Metals; American Welding Society; American Society for 
Testing+Materials; National Association of Corrosion 
Engineers; American Petroleum Institute; American 
Society of Mechanical Engineers; Fellow of the Ameri- 
can Society of Metals. 

Q Yes sir. Would you review 
briefly your professional experience from 1932 to '36? 
I understand that you commenced as a metallurgist 
and welding engineer with Black, Sybils & Brice of 
Oklahoma City. 

A That is correct. 

Q And what did your work involve 


there, sir? 
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ee In Chief | 
1 A My work initially | 
2 involved laboratory work, chemical analysis, mechanical 
z testing, metallographic examinations, and later I was ! 
4 een Gee to the shop, working on special welding 
5 | problems. 

| 

5 Q Nowdt nomi?e36atoolISh, Sir, 
> I understand that you were a metallurgical engineer : 
8 for Phillips Petroleum Company? 
9 A Yes ,rPawent witht Phillips 

10 in 1936, and helped them set up a metallurgical 

ant laboratory. 

biped Q What were your responsi- 

ie bilities thre, sir? 

14 A Initially, I was involved 

15 with inspection of pressure vessels, pipes, valves | 
16 || and other equipment, and laterworked with the eect ice 
17 | ion division on welding problems, and actually operated 
18 the metallurgical laboratory in the role of making 

19 investigations of failures of equipment. 

20 re) Mri Holmberga,tfromel95Sluto 
2i the present, you have been an independent metallurgica} 
22 consultant? 

23 ; A Yes. 

24 Q What work have you been 

ZS involved in throughout this period, sir? 

26 A I have been involved in 

27 the study of the performance of metals and their 

28 effective use, inorder to prevent failures in service, 
29 consulting work is included. In the early 1960's, 

30 developing specifications for and the inspection of 
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APL WERT SEEDS TING LED: In Chief ! 
| 
1 large diameter pipe for several large gas pipeline : 
2 projects, work on high pressure LPG lines and a 
3 | helium pipeline for Williams Brothers. I prepared 
| 
4 specifications for the pipe laid in a 42 inch diameter’ 
5 Oil pipeline in Iran in 1964. Following completion | 
6 of this project, I was retained by Iranian Oil Ser- 
7 vices to set up a test program and make extensive 
8 strain gauge studies on pipe to which was -- these : 
9 | studies were representative of repairs and the | 
10 attachment of fieldfittings. 
mi In 1966, I was requested by 
12 | Williams Brothers to check the source of steel intended 
13 to be used by Stelco for the manufacture of the 
14 36 O.D. pipe for the Great Lakes Project. | 
16 1B ate oS Noy ema also prepared the | 
16 | specifications for Grade X60 pipe for use by the | 
17 | National Iranian Oil Company to build a 700 mile | 
18 42 inch 0.D. gas pipeline from the southern part of 
19 Iran to the Russian border. This project required 
20 the necessity to specify steel for use at temperatures 
2d down to Rate mee Centigrade. 
22 I have been consultant to 
23 the Canadian Arctic Gas Project since 1969. 
24 Q Sir, you have published | 
25 those articles that are listed in Appendix A to your 
2 | resume? 
27 A Yes. 
28 Q And what has your area of 
29 responsibility been as a consultant to the Arctic 
30 


Gas project? 
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ALLWEST REPORTING LTO. In Chief 
BURNABY 2, B.C. | 
| A I have been a consultant 
a to Northern Engineering Services Limited and the 
3 Metallurgical Sub-committee. I helped in the | 
4 preparation of pipe, valve, fittings and welding and 
5 related specifications. | 
é | Q Thank «you p«sie. 
1h Mr. Commissioner, in response 
8 to the preliminary rulings, a list of reports and 
9 | studies upon which the panel may rely jor to which 
10 they may refer, has been prepared and Circulated, and 
Lal I propose to file that list of reports as the next 
72 exhibit. 
43 
14 (LIST OF REPORTS FILED EXHIBIT 104) 
eS | | 
16 MR. MARSHALL: | 
17 Q Mr. Purcell, 1 understand | 
18 that your panel is responsible for the presentation 
19 of the evidence to the mechanical design of the 
20 application which was prepared under your overall 
21 supervision and direction? 
a2 WITNESS PURCELL: 
23 A Yes, we are responsible 
24 for the following sections of Section 8, Location, 
25 | Design and Capacity of Facilities. 
26 8(b) (1), system configuration 
at and design. 
28 es Summary of projected gas volumes 
29 


by years and expansion for throughput increase; 


2 System Configuration. 
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ALLWEST REPORTING LTD. In Chief | 
BURNABY 2, B.C. 
| 
| Ag: eas | Codes, Standards and Regulations; | 
2 | ag ype) Pipeline (except the portion 
3 entitled "Buried Line Stability", for which the geo- | 
4 technical panel is responsible) ; 
5 a Compressor and Gas Measurement | 
é| Stations (except the parts on architedural design 
7 and pads, and foundations, for which the geotechnical 
8 | panel is responsible) ; | 
9: es, Corrosion Control. 
10 
ll 8.b.2 Formulae and Basic Assumptions. 
12 8.5.3 Facilities Design and Capacity - Drawings 
3 (except those design drawings | 
14 related to typical equipment and building foundations 
oe Ws and to river crossings for which the geotechical | 
16 |! panel is responsible) | 
17 
18 8.6.4 Flow Diagrams. | 
9 
20 8.b. 5 System Capability Analysis 
ag 
PAP 8.b.6 Material Specifications 
23 
24 8.b.7 Communications and Supervisory Control 
25) Q Would you briefly describe 
26 | each of these sections, sir? | 
2] A Section 8.b.1.1 "Summary 
28 of Projected Gas Volumes by Years", lists gas volumes 
5S) for each segment of the proposed system, on an average 
30 


day basis by operating year and on an annual basis by 
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ALLWEST REPORTING LTD. Im Chives 


BURNABY 2, B.C. 








CO 














| 
| 
calendar year. The supply volumes by year were pro- | 
vided by Canadian Arctic Gas; the Systems Design 
Group of Northern Engineering Services provided the | 
fuel consumption estimates. This section also con- | 
tains a tabulation of the compression and gas-chilling|_ 
equipment proposed to transport the projected gas : 
volumes. 

section 8.b.1.2 "System Configur- 
ation", describes the considerations that led to the 
selection of the pipe sizes, compressor station eee 
and spacing and gas chilling and cooling processes 
that the design is based on. 


tte Section. w.b 1.4. 2..< the. portion 





entitled "Metallurgy and Stress Analysis" discusses 


the design temperature criteria that were used in the | 





metallurgical design and lists the basic ‘criteria of 
system performance that were considered in “he stress 
analyses. The portion entitled "Appurtenances and 
Facility Crossings" describes briefly the designs 

of mainlline block valves, scraper traps and road 
and railroad crossings. 

SeCLLON IG. 455... COMpDressor 
and Gas Measurement Stations" sets. forth the design 
criteria and describes the design of these facilities. 
This section includes a discussion of the emissions 
from the stations and the noise leves to be expected. 

SeCni On. S.4b.1. 4 7. Conrosion 


Control" summarizes the conclusion of studies into 





the corrosion aspects of the pipeline system and 


describes the proposed means to control corrosion 
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ees In Chief | 
| 
i on the varous portions of the system. | 
2 Section 8.b.2 "Formulae and | 
' Basic Assumptions", lists the equations that were | 
4 used to calculate gas properties, pressure drop in | 
| the pipeline, gas temperatures, and compressor, 
6 | chilling and cooling station service requirements. 
7| It then lists the assumptions upon which the system | 
8 was designed and its performance determined. 
mS Section. $.b23.!Facildities 
10 Design and Capacity Drawings", contains design drawings 
te for the various facilities proposed. 
ao Section 8.b.4 "Flow Diagrams" 
oli shows salient details of the performance of the system} 
14 when operating at maximum capacity (that is, with all | 
~ 415 equipment in service) under average summer and 
16 | average winter conditions, for each of the first | 
7 five operating years. 
18 Section 8.b.5 "System Capability | 
22 analysis" sets forth an estimate of the gas volumes | 
20 that could be delivered from the system in each 
gl operating year, when considering the reduction in 
29 throughput that will be experienced when equipment | 
23 ts out of service for maintenance or other reasons, | 
24 This estimate was prepared on the assumption that | 
25 | neither the producers' gas processing plants nor the 
26° connecting pipeline systems would impose supply or 
at delivery limitations on the combined facilities of 
28 Alaskan Arctic Gas and Canadian Arctic Gas. 
ao ection 8b.6. “Material | 





30 Specifications" contains three specifications for 
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In Chief 


2s Bac. 


large diameter pipe and one specification each for 
16 inch and larger valves and 12 inch and larger 
fittings. 

Section 8.b.7 "Communications 
and Supervisory Control " discusses the communicat- 
ions requirements for constructing and operating 
the pipeline, and how the requirements are proposed 
to be implemented. 

The panel adopts the statements 
made in the sections of the Application just referred 
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Purcell ,King,Koskimaki ,Holmberg 

In Chief 

Q Sivas winderstand that 
there is an errata pertaining to Section 8(b) and Mr. 
Commissioner, we have prepared a list of the errata, and 
I propose to file that as the next exhibit. 

(ERRATA FILED EXHIBIT 105) 

MR. MARSHALL: Please delineate 
your areas Of responsibility with respect to the 
pipeline project. 

A I was Supervisor of the 
mechanical and systems design group and the preparation 
of design for this project. Our general iustructions 
from the project sponsors, which were developed in 
part on the basis of studies we performed, included 
the points of gas supply and delivery, the gas composi- 
tion and the design gas volumes for each operating 
year. | c 

In addition to the information 
and instructions given us by the sponsors, information 
had to be acquired from other groups within Northern 
Engineering before the design group could proceed with 
its task. The pipeline route is the primary example of 
such information. Other such information included the 
feasibility of potential sites for compressor stations 
and other ancillary facilities, soil temperatures and 
properties, geothermal calculations to allow us to 
develop and verify the heat transfer calculation 
techniques used in our flow studies, and logistical and 
construction limitations on deSign. Parametric studies 
were made that were concerned with the comparative ec- 


onomics of various pipe and compressor station sizes. 
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1| We also had to acquire construction costs for the 


i alternatives being considered before we could compete the 




















‘| studies. 
4 I established three major 
5 | objectives for the design group. The first was to develop 
é | technically correct engineering designs for those areas 
7 | for which I was responsible, which would demonstrate to 
ey the sponsors, potential financial backers of the project 
| and regulatory agencies, that the system would perform 
10 satisfactorily from an engineering point of view (and 
11] which would provide an adequate basis for making cost 
12} estimates). The second was that present day technology 
3 | Should be used. We were not to consider in the design 
14) future technological advances which mght take place. 
= The third objective was that the pipeline system should 
16 | be an optimum design so that it could be built and 
17 | operated to transport gas at the minimum unit cost. 
18 Q /fthat level of detail has the 
4 design been carried at this point? 
20 A We have carried the design 
21 to the level that satisfies the first objective men- 
22 tioned above, that of providing a basis for adequate 
23 cost estimates and demonstrating satisfactory performance. 
| The other two objectives provided guidlines for 
aA reaching this first objective. We selected represen- 
oo tative types of major equipment such as turbines, and 
oe determined their performance requirements so that 
28 | estimating prices could be secured from the 
29 


| manufacturers. We prepared material specifications, 





=i discussed them in detail with manufacturers of pipe, | 
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ff Chrer 

1| valves, fittings and pressure vessels, and satisfied 

2 Ourselves of the availability of these components. 

3 We have performed analyses 

4 which are unusually rigorous for this Stage of design 

5 so that we could be confident of making accurate predic- 
ey tions of the performance of the pipeline system in view 
A of this scale and environmental considerations. Our 

8 | stress analyses have gone into considerable aetarl for 
| the same reasons. We investigated procedures for 

10) hydrostatically testing the pipeline so that we can 

a demonstrate the feasibility of the project in this 
“ios regard, 
13 | In brief, we have performed the 
14 work that is conventionally required to Support the 
15} engineering aspects of a pipeline application before 

16 | regulatory bodies, and have also attempted to anticipate 
a any potential problems as a result of the project's scale 
18] and environmantal stting that could affect the project's 
cal feasibility or impact. 
=) Q What additional work 
ql remains to be done before the project can be constructed? 
om A In our areas of responsi- 
23 bility,” most™of the remaining work is concerned with the 
y specific selection of equipment and materials to be 

act used in the construction of the facilities. This selec- 
ae tion involves a process of preparing detailed specifica- 
| tions for each material item, soliciting information 

ae from one or more manufacturers of each item, evaluating the 
= responses, and making purchasing recommendations to our 

at client based on relevant factors such as the engineering 
| 
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concerns of availability and Suitability for the 
intended service. 

This process commences with the 
Major items of Material, such as the turbine-compressor 
units, and continues down through progressively smaller 
items until nuts and bolts are reached. This is 


because all the services at a compressor station, for 


example, including lube oil, fuel and starting gas 


systems, etc., are dependent on the requirements of the 
major equipment. Another obvious example is that 
buildings cannot be finally selected untillthe Size of 
the equipment is precisely determined, and foundation 
design cannot be completed until the equipment and 
buildings have been selected. 

While the equipment is being 
Selected, we will commence the preparation ‘of design 
drawings so that the various facilities can be con- 
structed properly..These are scale drawings showing the 
precise arrangement and dimensions of all the facilities 
down to the smallest details. 

Before the pipeline can be 
hydrostatically tested, it will be necessary to develop 
a detailed testing pan that literally considerge the 
pipeline route on a foot by foot basis. Thisiplan 
will include the elevation profile of the route, the 
location of each water source and disposal point, the 
direction in which each test section will be filled 
with water and dewatered, the sequence of testing 
and the location and final design of the test headers, 


the pressure-retaining devices installed temporarily 
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on both ends of each test section. 

Q Can you tell us why this 
final design work has not been completed at this time? 

A First, we do not believe 
is necessary to perform designs atithis  leveltof 
detail in order to demonstrate that we have met the 
Objective of demonstrating datisfactory performance 
and providing a basis for adequate cost estimates. 

Second, if a final design 
were complete at this time it would not reflect cond- 
itions that might be imposed by regulatory bodies, or 
changes resulting from the completion of gas transpor- 
tationy contracts) 

Thi rdyethe*costrot*firnal 
design would be prohibitive for the project*s sponsors 
at the’ time,vas it would”be risk oases spent before 
any assurances were received that regulatory aprovals 
would be forthcoming. 


There are other aspects of 


at 


final design not within this panel's responsibility that 


must be done. Primary among them is the acquisition 
of further soil information along the pipeline route 
so, foundations can be designed once the equipment is 
selected, river crossings can be finally engineered, 
and the specific designs for maintaining the Stability 
of the pipeline and the adjacent right-of-way can be 
designed. 

Q Do any of the objectives 
of the design group require you to relate the pipeline 


to its environment? 
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A Pipeline engineers have a 
particular interest in stability and security anda 
concern for the physical environment is involved in 
these factors. In this sense our design objectives 
include the preservation of the integrity of the 
physical environment. In general, the steps necessary 
to provide for the integrity of the pipeline also are 
required to protect the physical environment. 

Q What were the respon- 
Sibilities of the design group? 

A Generally, this group 
was responsible for the folbwing: 

HL fe Systems design. The determination of the locations 
and performance requirements for the compressor 
stations; system flow calculations to determine the 
performance of the system under various Operating con- 
ditions; thermodynamic studies to determine the heat 
flow around the pipeline and the required duty of the 
chilling and cooling facilities; and the determination | 
of the necessary gas specifications and the properites 
and behaviour of the gas. 

oa Pipeline design. The mechanical design of and 
materialoost estimates for the pipeline including: 
mainline block valve assemblies, scraper trap assemblies, 
river crossing manifolds, sales taps and measurement 
stations; proof testing, which includes the selection 

of test media and the determination of procedures for 
hydrostatically proof testing the pipeline; and 


estimates, -of-material,costs.. 


3. Metallurgy. Co-ordinatiion of the considerations | 
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given to the megallurgical aspects of the project, 
including preparation of specifications ,field welding, 
bending, and mill inspection procédures. 
4. Stress analysis. Mechanical stress analysis of the 
pipeline, compressor stations and operating appurtenances. 
Dis Station design. The mechanical, electrical and local 
control design of and the material cost estimates for 
the compressor and chilling stations; and the selection 
Of, optimum station sizes. 
6. Corrosion. The development of an effective 
Plan’ tor control corrosion: of «the pipe line. 
Te Communications. The design of and material cost 
estimates for the ee ae and supervisory control 
system. 

The group's responsibility 
did not include route selection, Pee eon design, 
civil design (station pads, air Stwyips, foundations, 
waste disposal), investmen_t cost estimates, logistics 
or scheduling. 

MR. MARSHALL; Mr. Commissioner, 
I believe the remaining four members of the panel 
have arrived and I'd like to add them now and intro- 
duce them to you and review their qualifications 

THE COMMISSIONER: Yes. 
Certainly, we'll just break informally for a minute 
or two, if you want to have them seated. 

MR. MARSHALL: Thank you verv 
much. 


(PROCEEDINGS ADJOURNED FOR FEW MINUTES) 
(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
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Fa yates raga ee 
1 MR. MARSHALL: Mr.Commissioner, | 
2 | the four additional members of the panel are Mr. | 
5 | Cameron Reid, Dr. Patrick Price, Mr. John | 
4 | McMullen and Mr. Kenneth Rathje. | 
5 Beginning with Mr. Cameron Reid, 
s| I would like to read his qualifications. 
"| Q Mr. Reid, your present 
8 position is that of supervisor of Pipeline Mechanical | 
9 | Design of Northern Engineering Services? | 
10 A that s*regivt. 
2 Q And what is your educational 
t2 background, sir? 
13 A I have a Bachelor of | 
14 Engineering Degree from the Royal Military College. | 
15 I received my degree in 1967. 
16 Q That's Kingston, Ontario? | 
L7 A Voawes sy. | 
18 Q And what professional 
19 affilitations do you hold, sir? 
20 A I am a registered Profess- 
21 ional Engineer in Alberta and Ontario, and I'ma 
22 Member of the Canadian Society of Mechanical Engineer-| 
2/3 ing. 
24 Q Following your graduation 
rq from R.M.C. in 1967, I understand that you remained 
26 | with the service? | 
27 A ves sir; I was in the | 
28 Royal Canadian Corps of Signals from 1967 to 1970 
PAS 


3657 
Holmberg, King, Purcell, Koskimaki, 














as “a"*Stonal"Officer: 


Q Ancarrom L9670 "td -197 1", 


























7 » 4 Ge Tee 


| iptes netenes! isis Aube ‘pnamtiacee 
.2aoitsottiisiep ain beet od oftl esas 5 


jaaesig Wwoy \bieh 2M Q (6qecre rs iow 


{po lnedooM Snifoet® to xeetvaeqees to seat at moitieoq 
fassSivise onivesmipad axoddron to npiesd 


| ~dpie 2" tent & 

Dekh iit wwov el tetw BnAé re] eis 
| Syie ,bavotpaosd 
| Qo Tolencsa s oved T A . pate aces 


,opefled Wirth im Ceyod eat moxd setped pnizseniva’ 7 
.Tael mi coxutsb ys bovisost I | 
| SeitssnO ,nodepnbt ef tet 2 . | 
+NLS _ BOY A mi 
. fsao igeatoug tenw fnak Q) vr 
| frie ,bior voy ob anottssiiitis 
~2adtoat haret alps & ms I A 
em'l bas ,ok3ninO Ans a¥rodEA ai seonipad Isnot 
~reentend tnaitiedsot to ysaive asibsns® ot to xedmomM 
ae ae 
noitsubsay wOY Piiwollot o 
—— yoy goal ‘bastarebat I dian’ i 


anil 


3658 
Holmberg, Purcell, King, Koskimaki 


B.C. 


ALLWEST REPORTING LTD. McMullen, Reid, Price, Rathje 


29 


30 


BURNABY 2, 

















in Chvet 


you were with Dupont of Canada? | 


A Yes, sir. 

Q What were your responsi- | 
bilities there? | 

A I was a design engineer | 


responsible for cost estimating, design and construct- | 

ion supervision for small projects on the plant. 
Q From 1971 to the present, 

you've been with Williams Brothers Canada Limited? 


A Yes, Sar. And its 


successor, Northern Engineering. 


Q What area of responsibility 
have you had, sir, in connection with this project? | 

A I've been involved with 
the proof testing, the preliminary design of pipeline 
appurtenances, and gas measurement facilities and the 
dense-phase pipeline alternative. 

Q Thank you. 

Dr. Price, what is your present 
position with Northern Engineering Services? 

WITNESS PRICE: ' 

A In charge of the stress 
analysis there sir. 
; Q I will ‘see if I can help 
you. You are, as I understand it, senior engineer 
and supervisor of Mechanical Stress Analysis? 

A dhl EN OR Ws ea es ed gh oP Me th om 

Q And your educational back- 


ground is that you have a Bachelor of Science in 





Civil Engineering and Master of Scienee in Civil 


Engineering from the University of Witwaterstrand 
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l i OOuUth ALricaz 
2 A That 1s" Correct. 
5 Q With degrees obtained in 
4 1965 and 1967 respectively? : 
5 A That. S. COrrect.. 
6 | Q You received your Ph.D. 
_| from, the University of Calgary, in. 19.72? | 
g | A Correct. | 
9 Q You received certain awards; | 
- in 1965, the Andrew Roberts Post Graduate Scholarship, 
Hr and the Roberts Construction Company Prize in Civil 
12 Engineering and the South African Federation of 
13 Civil Engineering Contractors Award, is that correct? 
14 A Yes. 
15 Q And from 1968 to 1971 you 
16 were on a National Research Council of Canada scholar- 
| wale | 
18 A That 26 richt. 
19 Q Your professional affilia- 
20 tions, sir, include the Association of Professional 
a1 Engineers, Geologists and Geophysicsts of Alberta? 
oy, ig..that correct? 
23 a That is correct, 
24 @) And you're an Associate 
me Member of the American Society of Civil. Engineers? 
| A That ie ‘CODnrece, 
54) Q Your professional experi- 
28 ence, beginning in 1966, was firstly as a research 
29 and development engineer for Brickor (Pty) Ltd. in 
30 South Africa? 
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A Bhat viel night? 
Q 1967 you were a lecturer 


in structurd engineering in Johannesburg? 
A That ‘is right< i 
QO From 1967 to 1970, you were 
research assistant at the University of Calgary? 
A Dhateysitrrght. 


Q And £romiloyl towmid2;eyou 





were a Post Doctoral Fellow, Numerical Analysis and 


Systems Analysis? 


A DhatMisLeorrect. 

Q Where was that, sir? 

A The University of Calgary. 
Q And when did you become 


involved in the Arctic Gas Project, sir? 
A toreartyel 7 3spert think it 
was. 


Q Your’ involvemee~ has 





been;inithe field of stress analysis, sir, has it 
from the outset? cm 
A Correction, esirsiatewas in 
AO72iiatiainel became Mnvolved in the Arctic Gas pipeline 
project. | 
Q Could you speak more closely 
into the microphone? I have difficulty hearing you. 
A 1972 sir I became involved 
in the Arctic Gas Project. 
Q And your involvement has 
throughout been in connection with stress analysis? 


A Thatta isoright:. 
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BURNABY 2, B.C. In Chief 
l Q And you have to your credit 
2 the publications listed in the second page of your 
3 resume? 
4 A That is correct, sir. | 
5 MR. MARSHALL: Thank you, Dr. 
6 Prorce., 
7 Mr. John McMullen. | 
8 Q Mr. McMullen, I understand 
9 you were the senior design engineeywith Northern reeaes 
10 eering Services? 
Bh WITNESS MCMULLEN: 
12 A Yes ps7sax, 
13 Q What is your educational 
14 background, sir? 
1s A I hold a Bachelor of | 
: | 
16 |i Science degree from the University of Albérta in | 
17 electrical engineering. : 
18 Q Which you received in what 
19 year, sir? 
20 A LOGi2s 
ah Q And what professional 
9) affiliations do you hold? 
23 A I'm a registered professional 
24 engineer in the Prodance of Alberta. 
25 Q Following graduation, sir, 
26 I understand that you joined Alberta Government Tele- 
27 phones, and that you held a number of positions with 
28 AsG, ls L£rom 1962 to 19%1? 
29 A That ts) correct. “sir. 
30 Q Could you just review 
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BURNABY 2, 8.C. In" Chvet 
briefly the various positions and the responsibilities 


that they entail? 

A In 1962 I began as an engi- 
neer in training with Alberta Government Telephones. 
Work included working on contracts and specifications 
for tenderingin the designing of microwave radio 
systems. In 1964 I became an engineer Class 2 and 
began my work in transmission requirements for 


microwave systems. 





In 1965, I was promoted to 
Standards Engineer, involved with smmewhat the same 
work. 

In 1969, I became supervisor 
engineer of Transmission Standards. 

Q And in 1971 you joined | 
Datap Systems Limited which I understand is involved | 
with Williams Brothers? | 


A Yes, Datap Systems Limited 





is a wholly owned subsidiary of Williams Brothers 
Canada Limited. 
Q What responsibilities did 


you hold, firstly with Datap Systems and then with 





the Northern Engineering Services Company Limited? 
A I was responsible for 

feasibility studies involving communications and 

supervisory controls for the Arctic Gas Pipeline. 
MR. MARSHALL: Thank you, sir. 


Mr. Kenneth Rathje. 














asisilidiaaoges? si2 bas enoltiseg avotzev ont yiteixd 
-itpas née 26 tepacd I Sart ai & (9 qas € 0: 
.zerorigofal daomnrsvot! stisdiaA dgiw oninie1? ai zeen 
eroiispidinsas bas 2etvextne> mo’ piiivdxow Bebulont Ar0W 
other avsworsim io priaviesh ed’ ni pritebaed) 202 
bos S eesl) tesnivne os omened TE eeef at .smeseye 
sot etdasmetiope: ocoicehneissd ab txow yr asped 
.emecteye. sveworsim 
ot Betomhiogq.etw 1 .ceef at o 
gmse off aetiweme dtiw boviownds ,zeanipns ebrsbasze 
. At0Ww 
toeivigges amsoorl 7 <2oer at 
.2hishred®? noieeineapa? to se9ntens 
boamtot voy £yed nai Derk G 
osviovei eh bnastetebau | dotile badimid emeteye-qesed 
coxedtoud emaiiiiw diiw 
hoesinid ereteve onIsd , se¥ & 
syadgoud amsiliiw Yo yrstbiadva bemwo yilorw set 
-batinid sbhssd 
bb evéepviiidienogas: t544 g 
itiw nod? bas aitecteye qused disw yiltexit (blond voy 
Shstimid rsqiod espivres ocibrdninial arensxow orld 
10% af dienoges: apy. 1 A 
bas salvia ican aaiaies aofbute wa3tidieoot 
<tha uoy Aned? 2ddsHRHAM A © oe a 
> .sftiee tome aw 8 59 Gel GAA 






















ALLWEST REPORTING L-TO. 
BURNABY 2, B.C. 


29 


30 

















3663 


Holmberg,Purcell, King, Koskimaki, | 
McMullen, Redi, Price, Rathje 
in: CHieet 


Q Mr. Rathje, I understand 
that your position is that of Corrosion Engineer with 
Northern Engineering Services Company Limited? 

WITNESS RATHJE: 

A Yessir. 

Q Would you outline your 
educational background, sir? 

A I received a Bachelcr of 
Science Degree in mechanical engineering at the 
University of Okhhoma in 1969. 

Q Have you taken courses that 
specifically relate to corrosion matters? 

A Yes, I have taken the 
National Association of Corrosion Engineers basic 
cOxXFOSLON..course .in, Calgary-in. 197ly«and-in 1973 I 
took a cathodic protection technology course in 
Houston, Texas. 

Q What professional affiliat- 
Lons do, you, hold,,..si ne 

A I'm a member of the 
Association of Professional Engineers of Alberta, 
and I am a Member of the Engineering Institute of 
Canada, and the National Association of Corrosion 
Engineers and the American Society of Mechanical 
Enginers. 

Q Would you review briefly, 
your professional experience since graduation, sir? 

A Yes. I began with Range- 
land Pipeline, which is a division of Hudson's Bay 


Oil and Gas. With that firm I was a pipeline engineer. 
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1 I was responsible for various aspects of construction, | 
2 inspection of construction, and I became involved | 
3] with their commmnications gystem, and I also was involved 
4 in economic designs and preliminary designs for 
.) additional pump station. 
6 | In 1971 I joined Williams 
7 Brothers Canada Limited. From that point on I was | 
8 | involved with corrosion work. 
| 
ee Q What have your duties | 
10 included with Williams Brothers and then Northern 
11 Engineering Services, sir? 
12 A I was responsible for 
13 coating tests, coating cost estimates, cathodic protect- | 
14 ion studies and other corrosion related tasks in | 
ad connection with the Arctic Gas pipeline. | 
16 MR. MARSHALL: Thank you, Mr. | 
1? Rathje. | 
18 Mr. Commissioner, I would like 
19 to file the resumes for the panel as the next exhibit. 
20 
21 (RESUMES FILED AS EXHIBIT 105) 
22 
23 J.J. MCMULLEN 
a C.M. REID 
eS Perot eso PRICE 
26 K.E, RATHJE, Sworn: 
27 
28 DIRECT EXAMINATION BY MR. MARSHALL: 
29 
30 


MR. MARSHALL: Mr. Commissioner, 
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Miss Hutchinson was to stand at my shoulder and nudge 
me when she wanted them sworn. The witnesses have 
stated their qualifications prior to their being 
administered the oath, and I would like to have them 
simply confirm that the qualifications that they have 
stated are correct. 


Mr. Rathje? 





WITNESS RATHJE: Yes, 

MR. MARSHALL: Mr. Koskimaki? 
WITNESS KOSKIMAKTI: Yes. 

MR. MARSHALL: Mr. King? 
WITNESS SK ENG Se Yes 3 

MR. MARSHALL: Mr. Purcell? 
WEDNESS S\EURCED:)r Yes), eskrs 
MR. MARSHALL: Mr. Holmberg? 
WITNESS HOLMBERG: Yes; 

MR. MARSHALL: Mr. Reid? 


WITNESS REID: Yes, sir. 





MR. MARSHALL: Dr. Price? 

WHRINESS! PREECE: Yes. 

MR. MARSHALL: Mr. McMullen? 

WITNESS MCMULLEN: Yes, sir. 

MR. MARSHALL:. We will continue 
then sir, Mr. Purcell -- I believe we were on page 
10 of the prepared direct evidence. 

QO In designing this pipeline, 
what special design considerations had to be taken 


into account? 





WITNESS PURCELL: 


A Firstly, we had to take 
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into account special considerations related to the 
scale of the project, that is the large diameter, high 


Operating pressure and high gas volumes 





Secondly, there awe special con- 
Siderations related to the arctic environment of 
much of the pipeline. Some special considerations 
related to a combination of both the large scale 
and the Arctic environment. 

Q Would you please explain 


how your designhas taken into account special design 





considerations related to the scale of the project? 
A The scale of the project 
has required special consideration with respect to 
the flowing gas temperature behaviour and stress 
levels in the pipe. Considerable experience has been 


| 
built up for the design and analysis of the perform- 


ance of 36 inch and smaller diameter pipelines. 

These pipelines have typically 
transported less than one billion cubic feet daily, 
and have not usually required gas chilling or cooling 
stations at the discharge of compressor stations 


to control the temperature within desirable limits. 


For 36 inch and smaller diameter 





pipelines, actual operating experience, particularly 
with regard to flowing temperatures has been of 
considerable value and design in the prediction of 
performance , but our work has shown that long, large 
diameter pipelines transporting more than two 
billion cubic feet daily, cannot be operated 


without using gas chillers or coolers. 
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1 We found that without chillers | 
2 or coolers, the large blocks of horsepower required | 
3 at each station to transport the large volumes of | 
4 | gas would increase the temperature differential bet- | 
5 ween the ground and the gas so that the flowing | 
6 temperature would tend to increase from station to | 
i Station and exceed practical limits. The Se oa, 
8 | of cooling stations on the downstream side of each 
2s compressor station therefore has been incorporated 

10 in the design. | 
a1 I will discuss the stress level | 
2 considerations later in the testimony under the | 
74 heading, "Stress Analysis". 

14 | 
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Q Please explain what 
Special design considerations are presented by the 
permafrost environment? 

A Such 
considerations related to the need to maintain the 
permafrost along the right-of-way. The metallurgical 
and gas composition constraints that result from the 
necessarily low-flowing temperature, the metallurgical 
considerations that relate to/are temperatures in the 
north, and pipeline stresses. For more than 1,000 
miles of its route the pipeline passes through areas 
of permanently frozen ground. Some of the permanently 
frozen ground contains excess ice which can cause the 
ground to become unstable and easily erodible if it 
thaws. In order to stabilize the right-of-way and 
thereby maintain the integrity of ies pipeline, we 
propose to operate the pipeline at temperatures generally 
lower than the ground temperature . 

To maintain the gas flowing 
temperature below the ground temperature it is necessary 
to remove the energy imparted to the gas during com- 
pression, plus the heat flow from the ground to the gas. 
To. do this we have adopted a technique commonly used in 
the gas-processing industry, a closed cycle mechanical 
refrigeration system using propane as the tefrigerant, 
which we call a chilling station. Each compressor 
station in the permafrost region incorporates a chill- 
ing station immediately downstream of the compressor, 
so that the temperature of the gas entering the ground 


downstream of the station can be controlled at the 
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appropriate level. These chilling stations are to be 
powered by gas turbines and will dispose of the energy 
removed from the gas by cooling the propane refrigerant 
in air-cooled heat exchangers. The low flowing 

gas temperatures require special metallurgical consider- 
ations for the pipe steel. A design temperature of 
minus ten degrees Fahrenheit was specified for pipe 

to be installed in the northern portions of the pipeline 
system. This design temperature provides a margin of | 
Safety against the minimum flowing temperature expected 
in the system, which is approximately zero degrees 
Fahrenheit under normal operating conditions. The 

gas temperature will be maintained above minus ten 
degrees Fahrenheit under any operating condition, by 
Minimum suction temperature, over-ride controls that will 
cut back on the compression horsepower if the gas tem- 
perature approaches minus ten degrees F. 

The low gas temperatures have 
also been considered in determining the composition of 
the gas. The presence of heavy hydrocarbon components 
inthe gas hcan ccause formation —-of hydrocarbon .liguids at | 
low temperatures and pressures, and the existence of 
hydrocarbon liquids in the gas ea can cause diffe 
culties in operating the gas compression equipment. 
Laboratory tests were therefore conducted to confirm 
that the gas compositions proposed by the Prudhoe Bay 
and Mackenzie Delta gas producers would not result in 
the formation of hydrocarbon liquids in the gas pipeline. 


Q If I can interrupt there, | 
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perhaps Mr. King could explain what gas hydrates are. 

WITNESS KING: A gas hydrate 
is a mixture of gas and ice crystals. Looks very much 
like snow. 

Q Carry on, Mr. Purcell. 

WITNESS PURCELL: Likewise 
the formation of gas hydrates is more likely at low 
temperatures and hydrates may block the pipeline or 
restrict the amount of gas that the pipeline can carry. 
Accordingly, laboratory tests are being conducted to 
determine the critical water content Specification for 
the pipeline gas such that hydrates will not be a problem. 

The unusually low ambient 
temperatures were also considered in the metallurgical 
design. For those components of the pipeline system 
that can be expected to reach or be exposed to ambient 
temperatures, we specified a design temperature at 
least as low as those ambient temperatures. 

In the mechanical stress 
analysis we had to take into account the possible pipe 
movements due to causes such as frost heave and settle- 
ment, so that over-straining and buckling of the pipe 
would not occur. 

Q Would on please explain 
the design considerations arising from the combination 
of the scale of the project and its Arctic environment? 

A Both the scale of the 
project and its Arctic environment give rise to design 
considerations in the areas of the technology of 


pipe, valves and fittings, pressure testing the pipeline, 
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| In Chief 
1 
| coating materials and field welding. 
2] We have solicited test data 
a from manufacturers of pipe, valves and fittings and 
ay have determined from such data that the Capacity and 
>| technology are available to meet our design specific- 
6. 
i ations. 
7 | 
| Special consideration was given 
e to the procedures for hydrostatically testing the pipeline 
| in the permafrost regions. Two test methods are proposed: 
ia Warm water, which is commonly used in Southern Canada 
a | to test pipelines constructed during the winter; and 
al a methanol-water solution whose freezing potnters Low 
e enough to avoid the formation of ice in the pipe during 
a4 Ghewtest, In this investigation , we performed studies 
sll to determine the thermal regime inside and outside the 
aa pipe during the various hydrostatic testing 
ae operations with these two media. Other groups investi- 
gated the envixonmental and geotechnical effects of 
: 
testing and we are confident that the pipeline can be 
val safely tested. 
mal 
In order to determine the 
‘sh Suitability of pipeline external coating materials for 
s 
usé in permafrost, we performed laboratory tests designed 
>A, | 
- to simulate the service conditions that would be 
aa encountered. On the basis of the results of these tests 
Zee | 
oe and our experience with various coating systems we have) 
ig determined that depending upon the installation season 
yi} 
“ and the operating temperatures, several coating 
é 
i Systems are suitable for the various portions of the | 
— pipeline system. We also determined through tests 
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that our Arctic test facilities that it is feasible to 
provide cathodic protection for pipeline buried in 
permafrost. 

In view of the low ambient 
temperatures under which the welding along much of the 
route will be performed and the heavy sections to be 
wided, our material specifications are designed to 
ensure weldable components and we have in hand the pre- 
paration of field welding procedure :specifications. 

Q So we clearly understand 
what is included in your responsibility, sir, what is 
meant by "mechanical design"? 

A initehas)-context, it means 
the arrangement of equipment (valves, for example), 
and the associated piping and fittings to produce a 
facility that will perform a desired function. 

Examples of such facilities for the pipeline are 

scraper traps, valve settings, and gas measurement 
stations. It excludes the detailed metallurgical con- 
Siderations and the design of the foundations and | 
buildings. 

Q Are there any features 
of these eae Merce that are unusual or unique? 

A Except for their 
Size, these facilities are conventional. Their 
design follows well proven precedents in the gas 
transmission industry. Data we have secured from 
manufacturers demonstrate that components of this 


size are available. 
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Q How will the pipeline be 
nested  ? 

A The pipeline will be 


hydrostatically tested after construction to prove its 
strength and integrity. The length of pipe tested will 
vary with each test, but in most cases will be between 
Svana 10 mites, 

A hydrostatic test consists of 
welding pressure retaining test heads on each end of the 
test section, filling the test section with water, 
and pumping water into the test section to increase the 
internal pressure to at least 125% of the planned opera- 
ting presure. The test presure is maintained for a 
period of time sufficient to ensure that there are no 
small leaks or defects, and then the pressure 1S 
relieved and the water removed. 

in addteron, Lt 1s; proposed 
eo -runvelectronic pigs through the pipeline designed 
to detect any injurious defects not previously detected | 
and in particular those that may have occurred during 
CONS TEUCELON < 

Q How do you solve the 
problem of potential freezindof the water inside 
the pipe? 

A That problem is not 
unique to this pipeline, but in permafrost the ground 
taperatures at pipeline depth during hydrostatic 
testing will require that either an anti-freeze such | 
as methanol be added to the water, or a technique known | 


| 
| 
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as warm water testing be used. Warm Water testing inv- 
Olves heating the water to about 50 degrees Fahrenheit 
before pumping it into the pipe. The wamwater heats 
the backfill and eliminates the risk of freezing for 
a limited time. Both methods will be used on this 
pipeline with water anti-freeze testing being the 
predominant method used north of the 60th Parallel. 

Q Would you outline the 
details of a water anti-freeze testing plan? 

A Methanol is considered 
as the most likely anti-freeze choice. The methanol 
would be barged to a storage site near the pipeline 
right-of-way during the summer prior to construction 
and would be stored in bladder-type storage tanks within 
a diked storage area. At the start of Cesting, ae 
would be moved to the test-site, mixed with water, and 
pumped into the pipe. The mixture would remain inthe 
pipe and would be used in testing subsequent sections 
until testing was completed and the solution was ready 
for disposal. 

Q How will this testing 
fluid be disposed of? 

A Two methods of disposal 
ave possibile. The first consists of diluting the 
test medium md disposing of the solution. The alternative 
method is to distill the solution and recover the 
methanol. This process would yield a solution of about 

% methanol by weight, which could then be disposed of. 


The methanol-rich distillate, of about 70% methanol 
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by weight would be suitable for disposal by burning, 


fh 


or it could be recovered for secondary use. The dis- 
| tillation process would result in the release of less 


than 2% of the total quantity of methanol. 





MR. MARSHALL: Mr. Commissioner, 
Mr. Reid has prepared some slides which help to 
| better illustrate the proof-testing the pipeline. 


\ I would ask him now to present those. 
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1 WITNESS REID: | 
2 A As mentioned previously, 
3 the hydrostatic testing of a pipe is conducted after 
4 the pipe has been constructed and backfilled, but | 
=) consists of tapping! or sealing the ends of the test 
6 | section with a test head, filling the test section 
7 with the liquid test medium, pressurizing the | 
8 test section by means of injecting additional test | 
9 medium with a high pressure pump, scaling the 
10 section and monitoring the pressure for a specified 
22 period of time to ensure that there are no leaks, and 
Hy finally releasing the pressure and removing the test 
13 medium from the test section. 
14 Should a lek be discovered at any 
15 time during the hydrostatic test, the pressure is | 
16 relieved , the leak repaired and a complete retest is | 
kyl conducted. | 
18 The conventional method of testing 
9 winter construction in non-permafrost areas is a 
20 technique known as warm water testing. This schematic 
el represents how the water is obtained and heated. We 
22 have here a water source, a fill pump. & portionsoft 
a2 the water is removed, passed through a2 heater and remixed 
24 with the main stream, yielding @ water with a temper- 
25 | ature of about 50 degrees Fahrenheit. This then goes 
26 | to the test section and is introduced into the test 
27 section. 
28 This schematic represents a 
29 warm water test section. Water from the heater enters 
30 the test section and passes through the test section 
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l until the test section has filled. Then for an addi- 
2 tional period of time, sometimes referred to as the 
3 circulation time, warm water is continued to be pumped 
4 through the test sections, thus warming the backfill 
5 until the temperature of the water being discharged 
6 reaches the specified temperature somewhat above 32 
4) degrees Fahrenheit. This can be as high as 40° or 45 
8 degrees Fahrenheit. 
9 The amount of water reqired to 
10 warm the backfill sufficiently to conduct a hydrostatic 
12 test without any freezing is dependent upon the length 
ie of the test section, the temperature, the type of back- 
13 fill, the fill rate and water temperature. 
14 There are a number of dis- 
15 advantages to the warm water test method which include 
16 highwater usage, and the creation of a thaw bulb 
17 around the pipe. 
18 RS at example, £Or a five mile 
19 test section in the Norman Wells region, the quantity 
20 of water required to test the section would be about 
21 two and a quarter times the fill volume of the test 
29 section. The thaw bulb created around the fill end 
23 of the test section would be about three inches from 
24 the pipe wall, the thaw front. 
Zo Because of the disadvantagesof 
se the warm water test method, a test method known as 
Mi water methanol testing is proposed for use on this 
28 pipeline. Again, a water source is required and 
29 methanol is required. The two are mixed and then 
30 introduced into the test section. A quantity of water 
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methanol mixture in excess of that required to, fi12 a 
test section is mixed and the additional fluid passes 
into the subsequent test section. 

Afterpll the methanol has been 
used in making the mix, the test section is then ready 
to be sealed off and a hydrostatic test conducted. 


After the first hydrostatic test 





has been conducted,.the.test.fluid is then pushed 
from the tested section by means of compressed air 
into the subsequent test section, again with excess 
test medium going on into the following test section. 
It should be noted that no addi- 
tional water source is required. I believe the pre- 
vious slide explained the length of these test sections 
as being approximately three miles. 
The same test medium is used to 
conduct all the test sections in a spread. The end 


of the testing season the,test fluid must be disposed 





of. This schematic represents the process by 

which distillation would occur and the methanol 
can be separated from the test solution. 

The source of test fluid comes 

from the last. test section... It passes through a 
heat recovery exchanger and into boilers and into 
a distillation column. The distillation column would 
yield two streams. Bottoms which would be a one 
percent waste water -- one percent methanol waste 
water solution, which is suitable for dispersal onto 
land and ice over water. 


The distillates would be a methanol 
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l rich solution of about 70 ereene methanol. This | 
2 would go to tankage and be suitable for disposal by 
3 burning. 
4 This next slide shows how, fested 
5 sections are joined in a manner which ensures/the entird 
6 Pipeline is of the same -- has been subjected to the 
7 same rigorous testing. After two adjacent test sectiong 
8 have been successfully tested, the test heads are 
9 removed and the sections are used -- are joined, using 
an a pretested section of pipe. 
i This pretested pipe has been sub- 
12 jected to a hydrostatic test similar to that given 
13 the test section. The welds used in making the con- 
14 nections are inspected by x-ray to ensure their 
15 soundness. 
16 Previous ly tim os presentation; I 
17 mentioned the removal of water from the test section 
18 and the introduction of water. This is done using a 
19 tool commonly referred to as apig. This schematic 
29 shows a pig which is specifically designed for the 
2) removal of water from that test sectinn. The 
22 pig is propelled by high pressure gas or air behind 
29 it. And the four Cups act as squeegees, pushing the 
24 water ahead of it. 
25 Should any water bypass any one 
26:1 of these squeegees, this particular pig, has a feature 
oF which allows the water which passes a cup to get ahead 
28 of the cup through this passage, the high pressure 
29 gas ‘vroviding the mode of force to move the water back 
30 ahead of the pig. 
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1 I now have three slides which I 
9 think will also be of interest. I may not have -- the 
3 last schematic I showed you represented a pig which 
4 was designed for the removal of water from the test | 
| 
3 sections. This slide shows three pigs, these are 56 | 
a inch pigs, which ete pad apiur ed for a gas pipeline 
-, in Russia. These/could be used for either poe UNS IR ge fone: | 
8 dewatering a test section to separate the test 
9 fluid from the air in the line, or the air being used 
10 to dewater the line. 
ll MR. MARSHALL: Where were these 
2 pigs made? 
x3 A These were manufactured 
14 in the United Kingdom. 
& In my presentation I made refer- | 
16 ence to test heads which are welded ‘io the-end of test | 
17 sections to maintain the pressure and allow the intro- | 
18 | duction or removal of water and the introduction or 
19 removal of pigs or pigging devices. 
20 This particular slide shows a 48 
pall inch test head which was used on Interprovincial 
pI Pipeline's 48 inch oil line. The valves on the top 
a of the test head are used for introducing or removing 
24 water and the arrangement on the end, is actually 
DS closure which can be opened to introduce Or remove 
He a pigging device. 
a7 inshas trestinonyy,. Mr. Purcell 
28 made reference to an electronic internal inspection 
29 tool, or an electronic pig which would be used Prior 





30 to  testing,to detect primarily any faults that may 
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an occur during the construction of the pipeline. 
2 Bais tsa prcture Of a 36 inch 
3 tool, as Mr. Purcell described, developed by Trans- 
4 Canada Pipelines. This device is*™™ prior to testing 
> and can detect construction defects. This would be 
6 | used to ensure that the possibility of a failure 
di during hydrostatic tests is reduced to a minimum. 
8 Q Mr. Reid, is this what 
9 they call a smart pig? 
10 A Yes, this is often referred 
v1 to as a smart pig. 
T2 Q I had to get that in the 
13 ‘record. 
14 A That's all I have. 
15 MR. MARSHALL: Thank you, Mr. | 
16 Reid. 
1? THE COMMISSIONER: Thank you, Mr. | 
18 Reid. 
19 
20 
21 
ee 
23 
24 
at 
26. 
27 
28 
29 
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In Chief 
1 
2| Q Now, to the subject of 
i metallurgy, sir. What apects of the pipe are of particular 
7 interest from the metallurgical viewpoint? 
5 | WITNESS PURCELL: The 
6 | Metallurgical Sub-Committee developed the specifications 
7| for pipe and welding. The specifications for pipe and 
21 welding comply with the applicable codes and regulations 
9 and contain additional requirements for this pipeline 
10 | that have been developed in the course of our metallur- 
11} gical studies. In developing the specifications, the 
12 primary metallurgical concerns were: 
13 | i: Mechanical properites, particularly low temperature 
14 | notch toughness. 
15 (i) Transition temperature below the design temperature 
16 for all mainline pipe to avoid BRicthe fractures. 
17 (ii) High notch toughness at the design temperature to 
18 | avoid efracturecini tiation. 
19 (iii) The use of mechanical reinforcing bands on main- 
20 line mips to positively assure the arrest of propagating 
21 sheer fractures. 
22 2. Weldability. 
a3 (i) Seam weld quality, particularly high notch Houghness 
oa of weld metal and heat-affected zone at low design | 
a8 temperatures. 
26.) (ii) Girth weld quality , in addition to high 
2% notch toughness of the weld jn heat-affected zone at 
28 low design temperatures, the pipe's composition and 
on carbon equivalent, the filler metal and the elimination | 
md offlefects that might initiate failures. 
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in Cnhiet 

Q Sir, which are the gam 
welds? 

A The seam welds are the 


welds that are put in in the process of manufacturing 
the pipe. 

Q And the girth welds? 

A The girth welds are 


made in the field to join the sections of pipe together. 


Q Could you now discuss 
brittle fracture? 

A There are two aspects of 
brittle fracture that are of concern. One concern is 


whether the pipe material is susceptible to brittle 
fracture propagation. The second concern is that pipe 
material also changes from ductile to brittle behaviour 
inthe initiation of a fracture. Brittle fractures pro- 
pagate at speeds faster than the rate at which the 

pipe depressurizes and therefore the fradure might 
continue for long distances. When the material is Eases 
ptiblestoibrittle fracture dinitiation, small flaws can | 
initiate failures’. 

The chan @ from ductile to 
brittle fracture is a function of temperature. The 
mainline pipe material will be deisgned not to be 
susceptible to brittle fracture propagation. Fora 
given material, the change from ductile to brittle 
fracture initiation occurs at a temperature that is 
Significantly below the change for fracture propagation. 


Therefore, the mainline pipe material will not be 
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subject to brittle fracture initiation either. For 

the heavy wall pipe, the fracture initiation transition 
temperature will be below the lowest expected Operating 
temperature to ensure that brittle fracture initation 
€annot occur. 

THE COMMISSIONER: Excuse me, 
Skee Purcell. By "the heavy wall pipe" do you mean the 
Mainline pipe, don't you? 

A NO©Sir. By that I “mean 
the heavier yet wall pipe that would be used at comp- 
fessor stations or at river crossings. 

THE COMMISSIONER: I see. 

MR. MARSHALL: Mr. Commissioner, 
Mr. Holmberg has prepared some slides and graphs that 
will help take us through this wn enmeedieel GT subject 
area, and I would ask him now to make his presentation. 

WITNESS HOLMBERG: The purpose 
of this presentation is to explain how metals behave’ , 
why and how they break, and discuss some of the tests 
and names used to prevent failure. 

Metals break in three ways, 
either in a brittle manner, a ductile manner, or 
a combination of the two. To help understand what 
is meant by brittle, I'll show the first slide. These 
are two tensile test specimens, a standard type of 
test that is made. The sampe at the right is broken 
with very little evidence of ductility, any evidence 
of stretching, deformation. It's almost a Square break. 


That is a brittle break, it shows very little evidence 


| 
} 


Ud 





EBIE | a meee 


spxedmlok, pasmixeork,patt ,iLeosed 
afditsh, soitd, Biok, noi LuMoM 
\e5EaD al 


10% .xerntiea noissisini situjost2 ‘slitiad oF Jostdue 


> 


soittensrg aoldseidini srutjosst sit ,egigq Ilsaw yvsed srit 


omitsisgo bstoegqxe seowol silt woled ed Lliw sapssteqmes 


noissHhint sxutosut eltdind tsdt steams oF sivussxeqmst 


.fyoDo Fons 























ott SeuDKad :ASMOIEe2IMMOD SHT / 
edt mem voy ob “eqig Lisw yveed eds” va .ilsonu iG 
fuey t'neb ae eniintsm 

noon I ssdi ya .xha oO” A 
“qian 6 shied sd Bluow Jeds oqitg Liew sey xrsiveen eft 
.epdtesow 1svia gs to eaortisse moeest 
oe ET @ABMOLSSIMMOO BHT 
,ienolesimmoD .aM +: TJAnSsAM aM 
jad adqsip bas eebiie estos bexaqetq esd predmloH 21M 
setdue tivoitiib tedg¢s1 eidd dpyords Bu eAss qisa iiiw 
fHoitstnsesigq ein exam od won mid Aes Biluow I Bas , 59% 
esea0qivg oft :ODASEMIOH eeaHtiw 
. averied aistom wor aisiqxs od ef adisadneesig eid To 
atest eft to emoe eanselb bas ,Asead yeds word brs yslw 
-siulist tasveig oF beau eemsn Has 
,eyew setds oi Asoud alstomM 
so ,1snnamelitoubs \xsnasm eittixnd 6 ak ausdtis 
jsedw basterebau gisd oT .ows e0¢ to noktenidmoo s 
saod? .ohile sexit sat wode £1'Y ,elssind yd tnsom af 
20 sqyd bisbaste s ,enomiosqe teet eliened ows 915, 
aexoud ei gdpix ed 3s agmee oAT .sbam 2@k gedg feet 
sonebive yas ,ytilitovub io esemebivs eistil view si | 
,isexd ousupe & teonls 2'si .moitsnrzoled pmidotet ee! 
eonebive slitil yrev eworde ti .ase1d slitixud s Sb ots AT 
Bde 


ALOWEST REPORTING LTD, 3684 
BURNABY 2, B.C. 











Parcell,King,Koskimaki ,Holmberg 
McMullen,Reid,Price,Rathje 
iy Chet 
ch 
2 | of deformation. The sample at the right, however, 
\ 
3 has stretched, reduced in section, and has failed after 
4 | considerable plastic deformation. That is referred to 
| 
5 as aductiletype fracture. 
6 Q Wat isthe fracture on 
7, theglett, 1s it) sir? 
3 | A On the left, yes. 
9 | THE COMMISSIONER: Brittle 
10 | on he left; ductile on the left. 
shake) A Yes. 
12| Q Wepre: with you, 
1333! A Now in order to better 
14 | understand why metal breaks in these two different 
3 manners, a little knowledge of metallurgy will be of 
16, some help. Metals arecrystaline eee et ay They are 
17 | made up of a mixture of crystals, and in the individual 
18) crystals or grains, the atoms are arranged in an 
19 orderly way. In steel, the atoms are arranged so that : 
20 they form tubes, and the next: slide -- | 
21] Q They form what? 
bee A Tubes... T-U-B-E-S. 
23, DOLLY see Pernaps sthis, slidecwill better illustrate it. | 
24 | This is a simplified drawing showing the arrangements 
25 of atoms on one plain. If this were in three dimensions 
26 this would be a cube. In the single plain the atoms 
27 | are arranged in this square shaped arrangement and 
a I'd like to call attention to two types of plains 
29 that exist, a cleavage plain in which it is perpendicular 
ae) to the lines of force between the atoms, and then ea 
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i In Chief 
i 
2) plains that are diagonal. These two different plains 
3) play an important part as to how metals fail. Now if 
4 this crystal were loaded,in tension, the two ends are 
5 shown here, in the cleavage plain direction the metals 
6 | -- the atoms are pulled apart a slight amount; whereas 
7 | in the cleavage plain direction they slip along these 
7 plains and become distorted. Now if you would remove 
9 | the tensile load, both of these would return to this 
Lo | position here, and this is what we had when we were 
aaa using metals in the elastic limit. When you load them 
12 | up and unload them they return to their original 
| position without getting deformation. 
14) The next slide shows what 
15} happens, illustrates what happens when you continue 
16 loading. Now the sheer plains are er than the 
17 | bonds between the atoms, with the result that normally 
18 wheh you load a piece of steel it tends to start 
19 | failing in sheer, or deforming in sheer, I should 
20 say, in which case the slippage that was shown on the 
21 previous slide continues further so that a whole block, 
oS this block of atoms here, actually move up and then 
ae re~align themselves with the atoms across the sheer 
si plan. You unload this sample here after it's been 
a simained to. thasmpoimt jl tiwi Pienotiveturn: tosats 
ao Original position but will remain as shown here. This 
at is,results in the plastic deformation that was shown 
ae in that tensile specimen. 
29 On the other hand, if the 
ory material cannot move along these plains, you reach a 
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In Chief 
uy 
- point that you can break the bonds between the atoms 
3 and you'll get a cleavage break and this will result 
4 in the brittle type failure that was shown in the one 
5 | tensile test specimen. Now the way the strength of 
a steel is increased is by principally by putting block- 
7 apes in the sheer plains so that movement will not take 
8 place. As a result, the sheer strength increases and 
| 
9 you increase the tendency to get this cleavage, brittle 
10 | type of failure. 
11 Now this, it is possible to 
120 retain the same degree of ductility and toughness in 
13) Steels, even though you increase their strength, up to 
vih| limits of about 150,000 pounds per square inch. This 
15 levels 
| 1s well below the strength / which we're using steels 
16 in this pipeline. Now if you Loe: the temperature 
1? of steel as well as other metals, you reduce the 
TP tendency for a sheer type of failure to take place and | 
19 the material will deform in a ductile manner, and | 
| 
20 increase the likelihood of this to eceur, by making 
21 tests over a series -- over a wide range of temperatures 
a this tendency can be shown and there are a large number 
23 of different types of tests that can be used to determine 
ao) this transition from a ductile behaviour to a brittle | 
“ey behaviour. I should point out that the abscissa | 
285 here shows an increase in temperature and vertical | 
ag component shows an increase in ductility. | 
28 | 
29 | 
oo | 
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Now, it should be noted that this 
change from ductile to brittle behaviour does not take 
place at a specific temperature. It takes place over 
a range of temperatures, and the shape and steepness 


of this curve varies, depending upon the type of test 


used, the speed of testing, the size of the specimens 
used and several other variables. 

The next slide illustrates one 
way of plotting such a curve. This is a series of 


tests made at temperatures zero, twenty, thirty, forty 





andsixty degrees. At sixty degrees, this specimen 
broke with a ductilenfiracture, thasrsmalleareachere, 
Sesmall brittle zone at the initiation of,faibre in 
this ;particular, test, | 

At forty degrees, there is a slight 
increase in thisbrittle zone. At thaxrty degrees, a | 
still greater increase and 20, further, and at zero 
degrees, it is essentially a hundred percent.DreEtGLe. 
I hope I went through thisright, the increase in 
brittle zone. 

This»particular) series of, test 
the transition zone would be between about 40 degrees 


and zero degrees. This is a test that's been developed 





and been used widely in the -- to check the transition 
eee ke transition zone of pipeline 

steels and a useful transition venperaturd 
which is really a defined temperature within the trans- 


ition zone is the temperature at which you have 85 


percent, or 80 percent shear Fracture. This would be 





referred to as an 80 percent shear fracture transition 
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: temperature. | 
2 It's been found that this trans- 
3 ition temperature corresponds with the behaviour of 
4 line pipe at different temperatures. There have been | 
5 other transition temperatures defined, for example, | 
6 the fractures of ships during the war; it was 
>| found that the behaviour ofthe Charpy v-notch impact test 
8 corresponded with the behaviour of the type of 
9 Preeheince: used in ships, and they developed what 
10 they call the 15 foot pound energy transition temper- 
£4 ature. 
4D One of the important things to 
a3 keep in mind as far as these transition temperatures, 
14 and the difference between a ductile and brittle 
15 fracture is that a brittle fracture occurs very | 
16 quickly, where as this deformation that was shown in | 
7 one of the earlier slides requires time and takes 
18 place more slowly. This is quite important, and the 
19 work done by the Battelle Memorial Institute for 
20 the American Gas Association showed that brittle fract- 
21 ures occurred at very high speed= ;ductile fractures 
22 on the other hand occurred at low speed, this being 
Da speed plotted in this ordinate. 
24 
25 And as would be imagined between 
ag oS the two extremes, why there is an intermediate zone. 
et] The difference in the speeds, between the different 
28 types of fractures as illustrated in this slide here. 
29 Now the brittle fractures occur from about 1,500 feet 


30 per second up to about 3,000 feet per second. 
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Now this is faster than the 
acoustic velocity of the gas which ranges from about 
1250 to 1450 feet per second. And the Significance 


ure 
of this is that in a brittle fract-/it propagates so 


| 
fast that the advancing crack is always or continues 
to be exposed to the pressure that existed at the time 
the failure originated. In other words, there is no 


loss of energy as far as the crack, rapidly propagating 


crack is concerned. 





Now, on the other hand, shear 
failures propagate at a much lower rate, down in the 
order of about 400 to 700 feet per second, well below 
this speed of gas,and the highest speed that's been 
recorded to date is something like 1,100 psa, Oa 
hundred feet per second. ! 

Now, the significance of this is, 


that in a ductile fracture the advancing crack is 





exposed to decreasing pressures, so the likelihood 
of it propagating for long distances and -- is much 
less than in a brittle facture. 

THE COMMISSIONER: With a brittle 
fracture you don't get depressurization because of 
the speed of the fracture? 

A thet!’ Ss righty. thats 
right. With a ductile fracture you do get the 
pressurization. 

Just a few words about some of 
the tests that are used. The most commonly used test 
is to check the behaviour of steel is what they call 


the Charpy v-notch test. This is a small specimen, 
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i, 0.394 inches square with a 45 degree notch in one Bee. | 
s) It is placed in a suitable holder and then a pendulum 
2} Swings down and hits the specimen and breaks it. 
4 Now, the energy that is absorbed 
5 in breaking the specimen is the most common measure | 
6 of the -- used in evalliating™ this»specimen.”° This®* as | 
7 in =—therenergy as imn®foot pounds which’ is equivalent | 
| 

8 to the length of the arm of the pendulum times the 
9 | weight of the pendulum, and for example if you had a 

10 40 foot pounds, it would be 40 foot pounds to break 

slap this small section. 

12 Now, this is the same as if you 

13 had a one pound weight and raised it up 40 feet and 

14 dropped it down and broke the specimen. 

15 Now, we are interested inithe | 
16 transverse properties of line pipe because of the 

Ve hoop stresses and, chet tendency ror the; it “the 

18 failure occurs, the fracture propagating in a longi- 

19 tudinal direction. “As a result, the test specimen is 

20 orientated in that direction. 

ai Now, there are severalother waysof evaluating 

OD this test, one is the shear area that was previously 

25: referredto; another is measuring the amount of deform- 
24 ation that occurs. 

Pile) One of the disadvantages of the 

oe" Charpy V-notch test is its small size. “Battell, in 

2s its work on Studying brittle’ fracture, found ‘that it 

28 was desirable to test specimens with the full 

ao fitness of the pipe, so this thickness here represents 
30 the thickness of the pipe. It's a larger specimen, 
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three inches, and again has a notch which is pressed 
in with the idea of initiating a brittle fracture. 


The specimen is broken by a heavy weight dropping and 





hitting the specimen with enough force to cause it 
toisnap fim Stwo- 

Now one of the other advantages | 
of this specimen is that it's wide enough that you not | 


only initiate a fracture here, but the tests propagate | 





across about three inches, something less than three 
inches. This is desirable in correlating the tests 
with the fracture speedsand behaviour of line pipe. 
The next slide compares the 
-- these two sizes of the samples and the advantages 
of the larger specimen. I think it is somewhat 
obvious. 
The comments so pas have been 
made with respect to fractures initiated at high 


speeds. Now, there are many failures that occur at 





just a static space or constant pressure. “fherenis 
no impact or high loading rate. These types of tests 
require different types of specimens, and one of the 
more useful is a test that's been developed in rather 
recent years and used extensively over in England. 
I've beenprincipally responsible for developing this 
specimen. 

The specimen is considerably 
‘larger and it has a very sharp (crack, or, notch at 
the bottom, and before testing the specimen, an 
actual crack is developed atte TrOOre Of eines 


is 
notch, This'!Aone by flexing thespecimen at high 
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cl speeds and specific loads until you develop what they 
2 call a fatigue crack. Now this gives an extremely 


3 sharp notch and is the type dé thing that we are 








4 interested in as far as the behaviour of defects in 


5 pipe are concerned. 
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In Chief 
1 
2 After the notch is developed 
3 | the specimen is supported in two supports, and then a 
4) known load applied, and the amount of opening of this 
>| crack is measured by the special gauges By means of 
6 | this test it is possible to determine the point,the 
7 | loads at which cracks are initiated. It's also possible 
8 to make this type of test over a range of temperatures 
9 and develop a temperature transition approach. 
10 | Now the reason that notches are 
veal sO important is that many steels will behave in a 
12 ductile manner, while you have uniform sections. But | 
13) in the presence of a notch they will behave in a brittle 
14 | Manner, and this is important because of the crack is the 
| most serious defect you can have in a piece of 
if . 
16 | steel, and it's important to work up these correlations | 
17 between the behaviour of notched steel and actual behaviour 
18 in service. 
19 Now in specifying the materials 
20 for the pipeline we have under consideration, we have | 
21 taken into consideration all these factors and worked | 
22 with the suppliers of equipment to make sure that | 
23 steels: wibb bevlavai lable Misui table >for tthe temperature | 
o4 ranges and conditions that we'll encounter, and have | 
25 | conducted numerous tests to check performance of the | 
{ } 
oe materials under conditions that we will be encounter- | 
~ ing. As a result, we believe we're prepared to specify 
= materials that will result in a safe pipeline that will | 
< be compatiHe with its environment. | 
ed Q Thank you, Mr. Holmberg. | 
| 
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Mr. Commissioner, Mr. Holmberg 


has brought a couple of specimens which he could show 


to you to illustrate these two types of fractures. 


THE COMMISSIONER: Mr. Holmberg 


showed me those specimens, the rest of you couldn't 


hear what he was saying, but the specimens are so 


small you really have to stand up close to examine them, 


and when we adjourn at six Mr. Holmberg perhaps wouldn't 


mind showing the counsel and any others those same 
specimens and explaining the test. 

Carry on, Mr. Marshall. 

MR. MARSHALL: Thank you, sir. 

Q Mr. PUrcels,’ tor CONcinue 
then with your direct testimony. 

WITNESS PURCELL: The effect 
of low temperatures causing brittle fractures in steel 
is quite well understood as a result of extensive 
workdone by our industry throughout the world during 
the past 30 years or more. Research work sponsored 
by the American Gas Association at Battelle Memorial 
Institute since 1953 has resulted in the development 
of. the Drop Weight Tear Test whereby it can be 
determined whether or not line pipe is susceptible to 
brittle fracture propagation. However, the Battelle 
work on line pipe was limited mostly to thicknesses in 
the order of one-half inch and temperatures down to 32 
degrees Fahrenheit. The Arctic Gas Pipeline 


involves the use of thicker steels and exposure to 


lower temperatures. It was not known to what extent the 
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In Chief 
the drop weight tear test procedure for determining the 
transition temperature between ductile and brittle 
fracture propagation was applicable to these more severe 
conditions. A test program was set up by which the 
validity of the drop weight tear test for the project's 
steel could be evaluated. 

The results of the test program 
showed that the drop weight tear test is a conservative 
predicatorof the full-scale brittle to ductile propa- 
gation transition behaviour of the 0.72-inch wall thick- 
ness mainline pipe. For the 1.25-inch heavy wall pipe, 
however, the avoidance of brittle fracture initiation is 
the main consideration. This pipe is used in short 
lengths primarily at compressor stations, and therefore 
could not be subject to a long failure even in the brittle 
fracture propagation mode. The test programconfirmed that 
the methods developed to calculate critical crack sizes 
for boththe mainline pipe and the heavy wall pipe are 
accurate. The high notch toughness of all pipe results 
in a critical crack size so large that the cracks can | 
be readily detected during fabrication and in service. 

Q Please describe how you 
plan to avoid fracture initiation. 

A Fractures always initiate 
at defects, where the streeses are magnified due to the | 
geometry of the defect. The size and type of defects 
that can exist without initiating a fracture are related 
to the pipe size and the stren gth and toughness of the 
steel and the stress. As the pipe diameter, wall thick- | 


ness and toughness of the pipe increase, the size of 
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1| 

2 | a tolerable defect also increases. For the pipe in our 
31 system, a through-wall defect sufficiently long to 

a initiate a failure is much larger than the defects that 
5 our inspection procedures are able to detect. 

6 | THE COMMISSIONER: Excuse me. 

3 | Let me just read that again. Yes, I understand. 

of A The standard solution to 

9 the problem is to detect and eliminate these defects 

| during the pipe manufacturing process, and to employ 

ay good transportation practices, construction inspection 
12 | procedures, and a stringent in-place hydrostatic test, | 
13 | so that defects large enough to initiate fractures will | 
14 | not exist when the pipeline is placed in operation. We 
15 | believe that our stringent inspection procedures, com- 
16 | bined with the large size of a critical defect, and 
| the use of electronic pigs practically eliminate the 
18 risk of a critical defect existing in the Arctic Gas | 
19 |i Pipeline when it is placed into Spt hae homes: | 
20 also necessary © protect against such/defect being in- | 
oT troduced into the pipeline after it goes into operation. 
oe) The two primary causes of post-construction defects aS 
a3 damage by external forces and corrosion. Surveillance | 
oe of the pipeline is necessary to ‘prevent the first. | 
25 | Our experience should be better than industry's average | 
26 over much of the route because of the limited humid | 
oy activity and the presence of frozen ground in the north, 
28 We believe that damage from corrosion will also be | 
29 Minimal because of careful protection, and the low | 
30 temperatures over much of the route. Again, the long | 
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In Chef 
defect necessary to initiate a fracture in this pipeline 
is a great advantage. 

Q Please describe how yau 
plan to limit the length of any propagating fractures 
which might occur in mainline pipe. 

A The propagation of brittle 
fractures in mainline pipe is prevented by the use of 
pipe made from steel with the ductile/brittle propaga- 
tion ‘transition temperature below the operating 
temperature so that in the unlikely event a fracture 
develops it will be a ductile type fracture. Ductile : 
Shear fractures propagate at slower speeds than brittle 
fractures and are therefore less likely tole as long. 
Experience has been that when a propagating brittle frac- 
ture changes to a ductile type, the fracture terminates 
within a short distance. However,in recent years a 
few ductile type fractures up to about 1000 feet in 
length have been experienced. 

This precipitated a large 
amount of work at Battelle. The results of this work 
enabled Battelle to develop a hypothesis by which they 
could determine the notch toughness requirements of the 
steel necessary to prevent ersten ies (loan running) | 
ductile shear type fractures. Battelle's work explains | 
how fractures speed, material properites, and design 
parameters determine fracture arrest capabilities in 
a given length of pipe. 

MR. MARSHALL: Let me just 


stop you there for a moment. There has been mention 
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made a number of times of Battelle. Could you or perhaps 
Nr. Holmberg explain who or what Battelle is? 

A I think Mr. Holmberg has 
been working withthem for longer than I have. 

WITNESS HOLMBERG: Battelle 
is an organization in Columbus, Ohio, that was founded 
by a man obviously by the name of Battelle, to enable 
orgalzations to have research work done in metallurgy. 
They were founded back about 1930, and any organization 
Or any individual or company has an opportunity to use 
their services...atna price. They have built up a 
very competent and extensive organization to do research 
work on all phases of metallurgy, as well as many other 
fields now. They have been very useful, particularly 
during the war and some of the other developments where 
Special materials were required. They did a large 


amount of work on the brittle fracture of steels in 


ships and other problems. 
Q Ticks yvouyasir. 
WITNESS PURCELL: After 
reviewing and evaluating the development of the Battelle 
hypothesis, we used it as the basis for our original 


investigations of the notch touchness requirements for 


! 





the mainline pipe to control ductile fracture propaga- 
tion. The fracture control criteria developed by 
Battelle had been shown to be accurate for pipe in the 


sizes and strengths being used in the rmtural gas. pipe- 


line industry. It was considered important nevertheless 


to conduct full-scale burst tests to check and confirm 
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whether the fracture control criteria based on the 
Battelle hypothesis would be accurate for pipe specified 
for the project. 

Canadian Arctic Gas has 
conducted three tests on 48-inch by 0.720-inch Grade 70 
pipe, manufactured in compliance with its specifications. 
These tests were conducted at temperatures and pressures. 
Close to those contemplated for the proposed pipeline 
system. In addition, predecessor study groups each 
Sponsored two tests. These four earlier tests were con- 
ducted at conventional temperatures on pipe with lesser 


wall thicknesses than the pipe now proposed. 
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k Q What did the tests show? | 
yy) A The test showed thet the 
3 fracture arrest behaviour of the proposed main line 
4 pipe at the design temperature and pressure cannot be 
5 consistently predicted by the Battell hypothesis. | 
6 Therefore, our design is based on | 
7 adding mechanical reinforcing bands or similar devices 
8 at suitable spacings along the pipeline to assure con- 
9 trol over the length of the possible fracture. Three 
10 separate tests made to date show that reinforcing bands 
event 
me can be used in the remote/of a fracture, to control 
12 the length of fracture. 
13 In none of our tests did a fracture 
14 propagate through a -reinforcing band. As stated 
15 earlier, we also specify a notch toughness sufficiently | 
16 high that a defect would have to be very severe before 
5H it would initiate a crack, and we can find defects much | 
18 smaller than this with our inspection procedures. 
79 We specify other tests to ensure 
20 that brittle fracture initiation and propagation will 
vant hot occur. 
22 Q Have you satisfied yourself 
23 that steels suitable to this pipeline are commercially 
24 available? 
25 A Yes. -The steel industry 
26 was advised of our concern for good mechanical propertie$, 
a especially notch toughness for the project. Because 
28 of the size of the project and large tonnages of steel 
Ze that will be required, the steel industry was justified 


30 in doing extensive research work, and effective liaison 
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1 was maintained with the individual steel companies as 
eC well as the industry as a whole. 
3 This resulted in the development 
4 of commercial quality steels which meet our design 
5 critena. 
6 Q Please discuss the weldability 
% of the pipe? 
8 A First, seam weld quality. 
2 Our pig¢e specifications require the same minimum notch 
10 toughness for the seam weld as they do for the pipe. 
i} These welding problems and their requirements have 
22 been discussed and reviewed with the steel industry 
13 and the manufacturers of welding electrodes and equip- 
14 ment. The steel industry and pipe mille did a large 
15 amount of work in developing weldable steels and develop} 
16 ing welding procedures for the manufacture of the pipe, 
Ry, and provided extensive test data on the seam welds 
nhs! to us. These data show that the project specifications 
ES) can be met. 
20 Second, girth weld quality. As 
Zi the pipe will be joined in the field by welding, 
22 girth weld quality was likewise a consideration, 
23 especially since much of the field welding willbe 
24 performed at low atmospheric temperatures. 
25 Arctic Gas recognized that the 
26 steels used in making the pipe must be suitable for 
27 welding, both with respect to the manufacture of the 
28 pipe and installation in the field. The compositions 
29 of the steel were therefore limited to assure weldable 
30 steels. 
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In Chief 
a 
2 and of manual welding processes was undertaken by 
3 Arctic Gas which had numerous meetings with leading 
4 welding rod manufacturers from the United States, 
5 Canada, Europe and Japan, and with several companies 
6 developing automatic welding processes. After the 
‘] companies had an opportunity to develop electrodes 
8 and equipment that they believed suitable, plate and 
9 pipe were submitted to the companies for their use 
10 in the further tests and development work. The com- 
ll panies then submitted their recommendations for rods 
12 and procedures for evaluation by Arctic Gas. Welds 
13 are presently being made andWwill be evaluated by 
14 several laboratories. We are confident that this pro- 
15 gram will be effective and that field welding will not 
16 present any unusual problems. . 
17 THE: COMMESSTONER:. Dr..,Purcell, 
18 before you go on;/ am I to take it that Arctic Gasis 
19 considering automatic welding as well as manual 
20 welding procedures? I take it automatic welding is 
21 what the word implies? 
22 A Yes, my understanding is 
23 that the welding procedure that was contemplated when 
24 the application was drawrlup waS manual welding. 
25 QO Yes. 
26) A Because at that time it 
2H could be demonstrated that it could be done, but the 
28 automatic welding provides generally more uniform 
753) quality and possibly lower costs and it's being invest- | 
30 igated as an alternative. 
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l Q Just so there's no misunder- | 
> standing, you have some kind of automatic welding 
3 machine, do you, when you undertake automatic welding? 
4 A Yes, Six. 
& MR. MARSHALL: 
6 Q PerhapS«to' clarify, you or 
| perhaps Mr. Holmberg,could describe the type of 
8 equipment that's used in automatic welding? 
9 WITNESS HOLMBERG: 
10 A There have been several 
1Y automatic welding machines developed. One has been 
12 used especially rather extensively. These machines 
13 | Operate using gas for shielding. They use fine wire 
14 for the filler matal, and the machine is mounted on 
15 the pipe and has a small welding neads that move 
16 around the pipe in sequence, making the welds. 
7 This equipment has been used on 
18 pipelines now, various types, for probably Eornore 
19 years, being used especially extensively in off-shore 
20 operations where high speed welding is desirable, and 
oa I understand one of these machines are now being used 
22 on the Alyeska line, I'm not just sure what the status 
23 there is. 
24 THE COMMISSIONER: Well they 
25 haven't begun laying pipe in the Alyeska line as yet, 
os have they? 
27 A No, they are planning to 
28 use it, and I understand are using it for some of 
29 the double jointing. 
30 I might correct myself a little bit 
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BURNABY 2, B.C. In Chief 
l On that too. There is going to be some storage facili- 
D iesemade, Wsind pipe, in. which they plan to, as I 
3 understand it, plan to test this equipment out further 
4 on some of that work. | 
5 ©) That's Aleyeska? | 
6 A Alyeska. ! 
4 MR. MARSHALL: | 
8 Q Sir, could you explain what 
| 
9 is meant by the term "fittings, Or perhaps one of your 
10 panel? 
ll WITNESS PURCELL: 
1D A Mey Reid has done most, of 
12 the work “on the fittings. 
14 WITNESS REID: 
15 A A fitting would be a steel 
ina component which allows, usually allows two or 
1] more pipes to be joined in a manner other than a straight 
18 line. 
19 A fitting would be used at a 
20 branch connection or to allow the piping system to turn 
24 a sharp corner, or to end off a piping system. 
oD Q Thank you. Would you please 
28 discuss the metallurgy of valves and fittings? 
py WITNESS PURCELL: 
on A Valves and fittings include 
a6 sections with greater thicknesses than the pipe. 
27 The tough jess requirements for valves, fittings and | 
28 flanges are aimed at preventing fracture initiation 
29 Since the length of propagation is limited by the size 
30 of the part. A toughness level and inspection procedure 
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Pr as In Chief 
l are then specified such that any defect remaining in 
2 | the part after final inspection and hydrostatic testing 
4 is much smaller than the critical defect size at the 
4 most severe operating conditions. | 
5 || Q Please discuss ieee Pee 
6 | aspects of pipe bending? 
a A The straining of the metal | 
8 associated with bending affects its mechanical prop- | 
Q- erties, and it was considered adviseable to make | 
10 tests to determine the extent of the effect. Such 
rl studies can best be made by laboratory tests. A 
| contract was therefore let to the University of 
13 | Alberta to conduct these tests. Their studies show 
14 that the properties of the bent pipe are consistent 
1S] with the design criteria of the pipeline. 
16 | Q Turning now coe subject 
17 || of stress analysis, sir, what special design consider-— | 
13. ations have been taken into account in the structural 
19 | design of the pipeline? 
20 A We had to take into account 
21 three special considerations related to the scale of 
22 | the project and the permafrost environment of much 
23 of the pipeline: 
24 | (1) Forces which are resisted 
A by the soil at buried field bends in pipelines would 
26 be large for the proposed pipeline due to its size. 
27 These forces are caused by restraint to longitudinal 
28 expansion or contraction of the pipe steel due to 
29 temperature changes and by gas pressure. As a result 
30 of these forces, movements of pipe will occur at the 
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if bends. The solution to this phenomenon is to 
2 establish limitations on bend angles to protect 
3 | against wrinkling at field bends during operation 
4 of the pipeline and to prevent excessive bearing 
5 pressures in the soil, | 
6 | Parametric studies of the inter- 
7 | action between structural response of the pipeline 
8 | and the surzounding ebackfill and ditch wall for | 
9 overbend, sidebend and sagbend configurations were | 
10 undertaken. These studies used temperature and 
13. pressure loadings expected along the route and geo- 
L2 technical inputs provided by the geotechnical study 
13 | groups. 
14 | (2) The potential for frost 
15 | heaving exists in a number of areas where the pipe- 
16 | line would be operated at temperatures be es 32 
17 | degrees Fahrenheit. Differential frost heaving would ; 
18 | impose bending in the pipe in these regions. We have | 
19 established maximum allowable curvature changes in 
20 the pipe, which were provided to the Geotechnical 
raat Group for use in their designs. 
Pe (3) The pipeline route passes 
23 through areas of generally low seismic activity. 
24 | Nevertheless, specialwork was done to develop seismic 
25) design criteria and recommendations for the earthquake 
26 | resistant design of the pipeline system. 
Pa | We undertook stress analyses 
28 using loadings caused by earthquake motions in com- 
20 bination with other design loadings such as those 


30 caused by gas pressure and temperature differentials. 
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l The results of these analyses indicate that stresses | 
caused by earthquake. motions are relatively small and 
3 will not pose a problem. 


4 MR. MARSHALL: Mr. Commissioner, 


5 Dr. Price has prepared some slides and graphs to help 





6 deal with this question of the loadings that a pipe- 


i line can be subjected to, and I would ask him now 


8 to make that presentation. 
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l Dr. Price is attempting to recover from the flu and 

2 | a cold, and he has lost part of his voice so we will 

3 | have to bear with him. 

4 WLTNESS PRICE: .The purpose 

5 | of this presentation, sir, is to explain the stress 

6 | analysis and the basis for changing curvature criteria 

7| which has been discussed previously. The stress 

8 analysis is concerned with stresses and strains that 

a will be imposed in eye various loading conditions and 


ea withthe Strabida ty-jof \thes pipelines » <The, oading,.condi tions 














08 considered include gas pressure, temperature differen- 
she, tial, earthquake motions, and a number of conditions | 
12 which will Locally°®™4 ana change the curvature of the : 
14 pipe. These include differential frost heave, differ- 
15 | ential settlement, point uplift or also support and 
16 | movements at field bends. 

| help 
ney, To demonstrate the signifi- 
18 cance of the wrinkling and stability I will deal with : 
19 | a few simple concepts and then get into it. First 
20 Of all consider a simple spring suspending like that. 
al, If a load is applied to the end of the spring ,we 
we extend its length, it will extend in tension and 
23 increase in length; on removal of the load the spring 
24 returns to ats: original dength. | 
2p If an increasing load is | 
26,| applied to the spring, a graph of load versus extension| 
ai can be drawn. This will typically be a straight eee 
28 The extension of the spring is therefore proportional | 
29 to the applied load and the reversability a8 | 
30 the load is removed, in other words ist | 
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In Chief 

1 | 

2 | moves that to zero again. 

3 | Let us consider the case of 

4 | a steel bar to which we will do the same thing. 

5 | Suppose the bar is loaded with a tension of a load 

6 | stiown ‘there hist load imposesial tensileistress an: the 

7 | bar which is equal to the load divideq by the area 

| the steel, that is the cross- sectional area up | 

9 there. As with the spring, the load will cause the | 
10 bar to extend, the strain is defined as the extension | 
vASE divided by the Original length of the bar that is the | 
2 extension of D divided by L. | 
Higa The strain is used instead of | 
14 an absolute extension because it is independent of 
15 | length and for a given stress would be the same for all 
16 | lengths of the bar, so we are just making this whole 
17 | system dimensional. As a result of the extensicn, the 
3 4 bar will tend to contract laterally as well as shown | 
eS) here, and the dotted line there depicts that | 
20 contraction. : : 
Zi As graph tof stress\i versus | 
22 strain may be drawn as shown on the sketch for steels 
23 of the type to be used in the pipeline, this graph 
24 has an initial elastic range. Toe ee at a certain 
25 stress setae -abemen limit, the graph starts to 
26,| bend over and reduces in slope with increasing | 
27 load application. The specified minimum use strength | 
28 is a material specification for pipeline steel. That | 
29 is defined as the stress at an 0.5% strain. | 
30 Tis,is determined, is required, 

| 
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In Chief 

the specified property of the steel is determined 

using a specified test. After passing the specified 
minimum yield strength, we enter into what is known as 
the strein hardening range and the steel can be stressed 
great deal more until it eventually breaks at a strain 
of around 30 to 40%. The ultimate tensile strength is 
defined as the maximum measured strength in the test 
which the curve was developed from. | 
The only ultimate tensile 


strength, the stress appears to decrease in the 





engineering graph of stress versus strain, and the 

steel eventually breaks. The measured strain, is as 

I pointed out, in the order of 30 to 40%. That level 

of strain is normally referred to as the ductility | 


| 
of the steel which is a sort of broad term which defines 


the ability of steel to deform under load. | 
A-portion-of the stress strain 

curve, this is of interest in the stress analysis, 

where | 

that is strain is less than about leore2seis sdrawn 

here. Suppose I'll just describe some mechanical 

properties of the steel, suppose the bar is loaded up 

to the proportional limit and the load is then removed 


Or returned back to zero,mand the»strain-will.~revexrse 


as shown there. However, if the stress or the load 





is increased beyond the proportional limit up to, say 
this point here, we would have some strain hardening | 

in, the’ steel, andeatathisceload!is | 
now removed, the recovery will be down, the elastic | 


would be down this line here. We would have a 
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In Chief 
residual plastic strain imposed on the steel which I 
have illustrated Deer | 
THE COMMISSIONER: You say that 
that ; 
i ivyou == if the load ds applied is great enough, the 
steel will be less elastic thereafter, is that what 
you're saying? 

A Thats correct. fox 
continuing increase in that load. 

Q Does that increase the 


-- or does that lessen the resistance of the steel to 


a brittle type fracture? 





A NOLEEGAL Vi noOwsir «1 om 
not really concerned with the facture aspects here. 
Fracture, brittle fracture in a bare bar of this type 
would occur under a really low temperature which is 
called a fracture initiaticn transition temperature. AU 
premature fracture would occur if you had a flaw or 


evducer le fracture, that is. 





Q Well, excuse me, forgive 
me for interrupting you, but when you get what you 
describe, I think, as plastic strain -- 

A M-hm. 

Q -- which results from 
the load that is applied being beyond the PEQROR EBON Ly 
limit, when you get that you have altered the quality 
of theisteel, jl take jit. 


A Somewhat, yes. I'll be | 


getting onto that. 





WITNESS HOLMBERG: May I say 
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In Chief 
1| 
I 
2 a word? I don't think we should say that we lowered 
3 | the quality of the steel. 
4 THE COMMISSIONER: I said 
5 | "altered". 
6 A Oh, altered, yes, you've 
7 altered the quality of the steel very slightly. What 
a you've done is actually increased the strength a 
7 small amount, you have used up a very small amount of 
10 | the ductility, almost an insignificant amount, but 
11) the steel continues to behave just the same as it 
a did before, but that the elastic limit has been slightly 
13 | increased, and we'd say the yield point has been 
Va} Slightly increased. 
15 | Q rm sasc tryiiiqg to =— 
16 | A This is something that 
vl happens every time you take a piece of steel and 
ca form it, for example, you take a flat plate and form 
| it into a pipe. You are exceeding the elastic limit 
| 
sar | and getting this plastic deformation that we talked 
21! about before, and in a sense creating a new set of 
22 | properties, as far as the steel is concerned. This is | 
sat | the reason that we measure our properties on the finished 
a | pipe, not on the plate that goes into it. 
55 | THE COMMISSIONER: | 
Yes, yes, I understand | 
at Eat. Well, it looks as if you've got some formulae 
27 there, Dr. Price, and we've had trouble with those | 
ag before. All of these gentlimen here have to have some 
~ understanding of what you're talking about, and per- | 
mat haps I could ask them, is this all sinking in or is it | 
H 
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In Chief 
heading above you and hitting the back of the room 
somewhere? 

MR. SCOTT: | Whol» are, you. going 
to begin with, Mr. Commissioner? 

THE COMMISSIONER: Do you speak 
for everyone? 

MR SCOTT: I will have to 
EGadggine transcript, I. am afraid. 

THE COMMISSIONER: Well, I was 
going to say that this is fairly heavy going. That's 
no retlection on you, Dr. Price, it's obviously diffi-= 
cult material. I wonder if, since we're getting close 
toluthe hour of adjournment, Mr. Marshall, if there is 
any way of making it a little easier to comprehend? 
I'm obviously not wholly taking it in. The members 
of your panel would regard that as an under-statement, 
I'm sure, but -- 

MR. MARSHALL: Well, perhaps, 
sir, given the hour, we might adjourn and come back 
fresh in the morning with hopefully a simplified 
version of this presentation that would make some of 
these things a little easier for all of us. 

THE COMMISSIONER: Well, this 
group of eager students over here on the left, I 
think -- 

WITNESS PRICE: They went. 

THE COMMISSIONER: Well, we'll 
adjourn, Dr. Price, and don't let anyone lead you to 


believe this is any reffection on your prodigolic 
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In Chief 
Capacity, =2t s difficultestutt and I'm afraid we're 
difficult students, so see what yau can do overnight, 
Mr. Marshall, and we'll adjourn until nine in the 
morning. 
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ee 1 
Re Yellowknife, N.W.T. 
2 ApridelSyel975 
3 
4 (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT ) 

5 | 
6 | MR. GIBBS: Mr. Commissioner, | 
4 it appears not too optimistic to say that. my- turn | 
8 for cross-examination might come this morning. 
9. During the course of it, I will | 

10 be asking the witnesses to refer to a portion of 

dd. the Canadian Arctic Gas Pipeline filing which has not | 

L2 yet been marked as an Exhibit. It may be that those | 

3 who want to follow the references to the volume will | 

14 | want to equip themselves with it before cross-examin- 

15 | ation starts. 

16 | T expect fthatimMr i Marshall has 

17 | something to say Hest Marking it “as “an exhibit, but 

18 we would meet that when it comes. | 

9 The document is entitled 

20 "National Economic Effects of the Applicant's 

oa. Proposal", Section I4b, and it's <= and it's also 

ce | entitled "Second Supplement to the Application of 

23 Canadian Arctic Gas Pipeline Limited", and was executed 

24 | where else but Toronto, ‘on January 23rd, 1975: 

25 | THE COMMISSIONER: Thank you, 

61 Mr. Gibbs. 

27 

28 

29 

30 | 
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yesterday, sir, with Dr. Price, 


3716, 


MR. MARSHALL: We left off 


sentation dealing with the various loadings on the 


Pipe. He's back again in better health, and Camby 


on with his presentation. 


THE COMMISSIONER: Fane, fimes 
HOYT @PURCELL 

GRAHAM GEORGE KING 

CARL M. KOSKIMAKI 

MILTON E. HOLMBERG 

JOHN T. MCMULLEN 

PATRICGKSS 1302 PRICE 

KENNETH E. RATHJE 


CAMERON M. REID, Resumed: 


DIRECT EXAMINATION BY MR. MARSHALL, CONTINUED: 


WITNESS PRICE: 


A What I want to do this 


morning, sir, is show you some slides of some tests 


which were undertaken at the University of California 
and these will demonstrate what wrinkle looks 


like and what we are doing is the 


that we consider are 


differential and bending due to various effects, 


BSer mentioned yesterday, the loads 


the pressure, the temperature 


include frost heave, settlements, and movements of bends. 


He was making a pre- 


stress annalysis. 


which 
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BURNABY 2, B.C. McMullen, Reid, Price, Rathje 
In  Chier 

1 After I show you these slides 

5 of these tests, I will go into a number of applicat- 

3 ions With some simple little drawings and show you 

4 their significance in the field. 

5 

6 Before we get onto that however, 
7 I would just like to go back to this stress strain | 
8 | curve we went onto yesterday, and just Clarify a 

9. few points. 

10 As I mentioned, this is a bar 

a loaded in uni-axle tension and I define the 
ihe strain merely as the extension divided bywits wxiginal 
-3 length and the stress is merely a load divided by 

14 | the cross-sectional area @iMinelbare: That! s qust the 
15 | definition of these quantities. | 
\\ 

16 | Now, if they load this bar up to 
17 | the elastic range curve, in this range here, and at the 
18 Proportional limit will bend over af you like, ‘The 
19 elasticity decreases or the stiffness decreases and 
20 it is easier to extend the bar and the curve flattens 
a1. off. The steels for the pipeline are designed or 
2e | required,are specified to have, to be able to extend 

23 a great deal before they eventually reach 
24 | the ultimate tensile stress where it will eventually 
a3 break, This range of strain is known as the ductility, 
oe The point I am trying to get 

rail across is the pipeline steel will be ductile 
28 for static loading conditions. A brittle material, 

20 brittle failure occurs in tension condition. 

30 
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Brittle failure will normally 
occur within this region here. Now a Pipeline is 
Subject to stresses in the hoops -- hoop direction 
which is due to the pressure, hoop stress, and to longi- 
tudinal stresses due to pressure and temperature 
differentials. 

A buried pipeline is restrained so 
it is normally in compression underground, and 
you don't worry about brittle failure in compression. 
What you worry about is what is known as instability, 
and that is wrinkling or overall bucking of a column, 
for example, that sort of effect. 

THE COMMISSIONER: That's some- 


thing that you said was Owing to the pressure ? 
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In Chief 
A Pete cei tlie. | 
compression? 
Q No, i'm Sorry. | 


You said that with a pipeline you worry about wrinkling 





and buckling. | 


A Eon. | 

Q Did you say -- I don't 
know whether I heard you correctly -- did you say that | 
waS owing to pressure? 

A This effect is caused 


which is developed 
by an actual compression load‘in the pipe by gas 


pressure, longitudinal effect, and by temperature 
differential. A temperature differential is a change 
in the pipe steel from the time that it's installed 
in the ditch to a maximum Operating gas temperature | 


or minimum temperature, it varies. Of course the 





pipeline is restrained, it can't expand and a compressive 
force comes up and if it's too much Yourmget. this: sont 
of effect. 

Now some full-scale tests 
were undertaken at the University of California for 
the Aleyeska Pipeline Companyon 48-inch diameter 
pipe. Here is a schematic drawing of the test arrangement; 
the pipe is approximately 30 feet, I think. It is loade 
with the actual load to simulate the pressure and the 


temperature differential effects imposes an actual, 


along there, a compressive stress in the pipe and was also 





Subjected to internal pressure, high pressure, the 


normal pipeline application. The actual loads were 
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then applied to bend this pipe and the strains and 
curvature changes associated with this work with each 
application of load were measured. 

Q Just before you tell us 
about this test, was the pipe that was tested the same 


pipe that has been specified for the Arctic Gas Line 


A NOM Sir it had a Lower 





Specified minimum vield stress and a smaller wall thick- 
ness. 

Q Whatever that pipe, in 
terms of stress and strain, whatever it was able to 
resist, you would be able to say for the Arctic Gas 
pipe,. 1s that correct? 


A There is strong evidence 


| 


} 


to suggest that the thicker wall thickness of our pipe 
for any given diameter can take a larger amount of 
bending before it wrinkles. Now, here is the test 
configuration as the loading frame in which the pipe 


was mounted and the actual load applied. 





Q Excuse me. Can vou 
gentlemen see this? If you can't -- can you see what 
maiyell, Fight, tthey.can, all see, apparently. 

A Here is the formation -- 
the initial formation of a wrinkle, and this is the 
condition which we guard against when the pipe is 
Subjected to bending. This wrinkle forms across a large 
compressive strain, in these tests it was in the order 
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1 
2 | Q Would you point to the 
= wrinkle? 
4 | A Weve eo acy wig ens | 
| 
5 Q That ridge around the 
6 pipe? | 
ay A Yes. 
8 M BR MARSHALL: Dr. Price, 





9 perhaps you could hold the mike and Speal directly 

















10 into it so others in the audience can hear more 
al. Clearly. 
12 | A Yes ascave bulging, here 
oe | is a wrinkle. It starts on the compression side of 
14 the pipe and then progresses around it, as per bending 
15 curves. Here is a slide, a picture of the wrinkle | 
16 that has formed all around the Pipe, dis Vou. canssee 
17 | it is quite pronounced. I have got a closeup of that | 
18 i will show next. The pointy, to note here is that 
were in the order 
19 the deflection at which they stop pulling this pipe 
20 of 20 times those when the wrinkle first initiated. 
21 We base our design criteria to strains lower than those 
22 which occured when this occured here. 
23 . Here's a closeup of that 
24 wrinkle, with the gross wrinkle after it's formed all 
25 | around the pipe. 
26 | 
24 
28 
29 
30 
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buckle or —= 


caused by longitudinalestress. Longitudinal strain, 
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THE COMMISSIONER: | 
Q You described that ridge 


around the pipe as the wrinkle What about the longi- 


tudinal change in the pipe? Is that what you call a 


A This is a longitudinal 
effect. It can be considered as a buckling longitu- 


dinalin the wall, Te “6 a Local. icrimpingt heup 





rather, in-elastic plastic strain. Thakisealivythe 


Slides I have. 





Another point to note is that 
the formation of that large wrinkle the full 
Pressure was still in the pipe, and that was in the order 


pounds. 
of 950, the pipe was still fully pressured in the 





orders@f 950epounds. 


Q You mean there would have 


been no escape of gas? 


A Right. 

Q Aes vat it had been 
Carrying gas. 

A Rigné! 

Now, the design, to prevent 
this occurring we limit what is known as the 


curvature. I put it together here to show you what 


a curvature is. Here I have got a section of pipe which is 


subjected 


/to some sort of bending and I have taken a little 


element out of here, which I have enlarged here, as 


a result of the bending, a radius, a curved 


radius is imposed on the pipe. This is called the 


radius of curvature. 
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And the reciprocal if that is 


called the curvature, it is just a convenient term but 


divided by one, you get the radius out if the pipe is be 


MR. MARSHALL: Dr. Price, do 
you think you could hold the mike up? 

WITNESS PRICE: 

A In the bending the pipe 
on the blue side of the curve a compressive 

strain is imposed. This varies linearly 

through to that side, where you have a tensile strain. 
And in this area here, a wrinkle will form ata 
certain curvical compressive strain. 

Differential heave will impose 
bending on the pipe and change the curvature. 
As shown here, here is a length which is heaving up. 
That's what happens. The amount of mecenene which 


can occur is strongly dependent on the geometry over 


which heave occurs, and this is a Simple configuration.) 


It is dependent on the geometry, the size of the 
temperature differential which is applied to the pipe, 
dependent on the gas pressure, all these things 
influence the bending behaviour of the pipe, and for 
that reason, we limit the curvatures because that is 

a sensitive parameter in the pipeline, rather than 
absolute movements. 

However, for design purposes we 
are working on techniques now to model the interaction 
with the pipe and with the frost bulb to predict these 
movements for design purposes. 


The same thing occurs for 
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differential settlements Once more the amount of 
settlement it can tolerate is dependent on the geo- 
metry, that is the length, the gas pressure, the 
temperature differential, and the overburden weight, 
the weight of the soil pushing it down. | 

In some areas where buoyancy is 

, I believe 

a problem, ‘the pipe will be normally weighted with 
concrete weights at a close Spacing, and stop the 
flotation. However, some areas May be desirable to 
use anchors and for a case like Ghat, it will be 
necessary to consider the buckling effect due to the 
actual load,the temperature differential and the gas 
pressure. The criteria is to limit the length between 
anchors so that doesn't occur. | 

A similar thing occurs at loss 
of support, we can predict a safe span Lor 
loss of support, although this will not be a normal 
construction procedure, it is purely for guidance as | 
to what will be a safe span should Enis occur, 
and the objective of this span will be to preven 
this overall in stability. 

At changes of alignment, the 
pipe is bent in a bending machine to impose a residual 
curvature. After the pipeline is oe into operation, 
the effects of these Changes in alignment is to cause 
an unbalanced component to the actual force which is 
developed by the gas pressure and the temperature 
differential. This resists,I've shown it diagram- 
atically here. This is resisted by the soil bearing 


Pressures or by the weight of soil at overbends. 
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Uhesertects, of this force isto | 
tend to push the pipe into the ground like that. The | 
governing load condition here is a temperature di tfere- 
ntial, and the higher this becomes, the more drastic 
this force jc, For north of the 60th parralel, however, 
the differential that we expect during the design 
which will be of a maximum order of 72 degrees 
Fahrenheit. 

MR. MARSHALL: Could you hold 
the mike a little closer, Dr. Price? 


WITNESS PRICE: 


A Tt wall not lead to any 





serious problems. 
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Here I have drawn some field 





bends. Here is an overbend configuration and I have 
Shown it lifting off the ground as a result of an 
increase in temperature. The amount of this movement | 
would depend on the temperature differential once more, 
and on the weight of the sdl overlying it. The criterion 


here is to provide sufficient overlying soil to prevent 





excessive movement which could wrinkle the pipe in 
that area, or which could cause the pipe to push out 
of the ditch and buckle. This Bebe antes, for depth 
of burial which we feed to the-- which the geotechnical 
design would establish. 

The areasvof side bend,ta 
Similaneeffectsoccurs. It is alateral movement pushing 
into the soil which is resisted by bearing pressure 
of the soil. It has a typical distribution. This 


movement Once more depends on the magnitude of the 


temperature differential and on the type sof *sorlinthat 





is supporting the pipe. for very weak siols 
this movement would be larger than it is for very 
strong till type soils. 

The criterion here once more 
is to limit these movements so that you don't wrinkle 
the pipe, that you don't excessively fail the soils 


so that the pipe could fail in a buckling mode and 





pushreut ofethe ditch: A similar condition exists 
for sag bends, sag bends are a similar condition as 
Side bends. It poses a bearing pressure on the soil 


on the bottom and moves downwards. Thaveisicall 1B' ve 
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GOl.3S1 1, | 
THE COMMISSIONER: Could I ask 


You-one question, Dr. Price? 





Q You said that the 
tendency to wrinkle or buckle depended on a number of 
things, but let me just put it to you this way. You 


have the gas, the pressurized gas in the pipe. Then 





around the pipe you have the earth, it may be frozen, 

unfrozen, it may be weak, it may be strong. I think all 
as 

Om us ‘laymen understand that; but you said it depended 


as well on temperatures. Would you just explain to 


me what you meant by those temperatures? 


A The buckling depends 
on temperatures. 
| 
Q Did, I get you correct? | 
A Yes. What I am getting | 





at there is the temperature differential that is a 
load condition which imposes a longitudinal strain on 
Ene wpipe, and it is this strain together with -- added 
to that bending strain which causes that buckle to 
Osis 

Q But what do you mean by 
"temperature differential"? I'm sorry. 


A Temperature differential 





is an increase in temperature of the pipe steel from 

a stress free Situation when it is initially eater 
in the ditch, and restrained. When it is buried, gets 
restrained. Now if the steel temperature changes or 


increases, it will want to expand; but the soil is 
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holding it back and it cannot, so it imposes an equivalent 





Strain or stress in the pipe to overcome that tendency | 
| 
to expand. This effects at bends, for example, the 


bend wants to expand but cannot so it pushes in sideways! 
ENCO= tne Soll. 
THE COMMISSIONER: 


i see) -thank” you. 


MR MARSHALL: Mr. Commissioner, 





in addition to the materials that have been circulated, 
as being the substance of the evidence that is to be 
given by this panel, I wish to have them address the 
eUnsaaeineve ground piping, which has been raised in 
the cross-examination of the previous panel, and Mr. 


Purcell will address this topic. The remarks that | 
| 
| 


he will make later in the testimony, 1’ verhad reproduced) 


and I have copies available for the other counsel “i'd 
ask Mr. Carter to pass them around. 

THE COMMISSIONER: Yes, thank 
you. 


MR. MARSHALL: 


Q Sia | Lt we: turn £06 the 





prepared testimony and the topic of station design. 
What were the responsibilities in the station design 
section? 

WITNESS PURCELL: This 
section was responsible for the mechanical, electrical, 
and” local™control design” of the compressor, chilling 
and cooling stations, and for preparing the cost 


estimates for permanent materials (other than Cr va 





structures) used in the station. As part of this res- 


ponsibility, the section made estimates of noise levels 
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and emissions to be expected from the stations. 
Q How were the stations | 
designed? 
A Wherever possible, the | 
stations were designed using conventional practice. 
Station mechanical equipment, pressure vessels and 


control valves were located in buildings where practical} 





for protection against climatic conditions. Equipment, 
piping and pressure vessels which were located Beaters 
were designed to operate safely at the ambient tempera- 
tures which can be expected in the Vicinity “of "the 
proposed pipeline route. Buried or PrOrected puping an 
Stations was designed to operate at temperatures down 
to minus 20 degrees Fahrenheit, which is below the 
minimum expected flowing gas temperature and below the 


coldest expected ground temperature at pipe depth. The 





stations were designed to operate by automatic control 
with remote set-point adjustments from the Gas Control 
Centre. 

Q Would you describe the 
various stations that have been designed for this 
System north of the 60th Parallel? 

A The stations on the pipe- 
line system north of approximately Fort Simpson are 
designed to chill the gas to temperatures below the 
ground temperature in order to preserve the stability of 
the permafrost surrounding the pipeline. There are 15 
proposed stations located in this portion of the system 


which are typically the same. The designs of the 
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In Chief 
| , 
2 Stations in this group are based on using a single | 
3 | 30,000 horsepower (ISO) -- now that's a method of | 
4 rating a turbine that measures its performance at sea 
) level and 59 degrees Fahrenheit -- tubine driven cen- 
6 | trifugal compressor package for main gas compression 
7 | and a closed loop propane refrigeration system for gas 
8 Chilling. The refrigeration system designs are based on 
9 using a single gas turbine of approximately 17,000 horse 
10 power (ISO) for mmpressing propane. An exception is 
ga Station M-03 which is located at the Travaillant Lake 
oe junction where a double chilling system using two 
13) 17,000 horsepower (ISO) turbines for compressing the 
14 propane is required. Each refrigeration system is 
5 designed to remove the amount of heat from the gas 
16 stream equivalent to the energy imparted to the gas 
Cy by the gas compressor at the station, plus the heat 
18 flux from the ground to the flowing gas between that 
HED Station and the next station upstream. 
20 | 
ap 
22 
“As 
24 
es 
6 
a | 
28 
29 
30 
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In Chief | 
i There are four proposed stations | 
2 located in the transition zone between the chilled | 
31 portion of the system and the air-cooled porGron of | 
ai the system, where the gas temperature can be allowed | 
=i to arise to conventional levels. No chi) ling. ox | 
6 | cooling, is necessary at these stations. The designs | 
aii Of the first two Stations. in the, transition, zone. are | 
8 | based on using single 30,000 horsepower (ISO) turbine | 
9 driven centrifugal gas compresssor packages for gas | 
ball compression and are similar to those in the North 
11 with the exception that the Chislling #haciLitcves have | 
12 been omitted. The second two stations in this zone | 
13 require more horsepower because of higher flowing gas | 
We temperatures. The designs of these two stations are | 
Ss based on using two 27,500 horsepower (ISO) turbine | 
16 | driven compressor packages at each station and are | 
17 Similar to those stations in the air-cooled section 
18 with the exception that the air-cooled heat exchangess | 
19 have been omitted. 
20 Q Mr. Commissioner, Mr. 
Doan Koskimaki has a slide which shows the layout for a 
WD compressor station md he would like to present that 
D2 and review the installations. 
24 WITNESS KOSKIMAKI: 
BS A This slide shows an 
sic artist's sketch of a 30,000 horsepower station with 
ph refrigeration. It's based on the preliminary layout | 
28 which is shown on the application. | 
29 The pipeline is located under- 
30 ground on the upper left hand side of the station 
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i. site, approximately a hundred feet from the station 
2 | fence right through here. The gas flow goes from 
3 left to right. The station block valves and the 
4 station bypass valves are located underneath these 
5 small buildings. Projecting above the ground are 
6 | Shown the pipeline scraper traps. 
2 The gas enters the station at 
8 approximately 1385 psig and zero degrees Fahrenheit 
9 under normal operating conditions. It passes through 
i / inlet 
10 this block valve here, goes out of the ground and 
lan enters the inlet scrubber building. The inlet 
2 scrubbers are provided to remove any=lvquad*or “dirt 
13 which may be entrained in the gas stream for pro- 
14 tection of the centrifugal compressor. 
15 Leaving the scrubber building, 
16 the gas then enters the main compressor building 
Pte where it is compressed to a pressure of between 60 
18 and 80 and 60 and 90 psig. This compression causes 
19 the temperature to raise to approximately 24 degrees 
20 Fahrenheit. 
21 After compression, the gas flows 
22 through this pipe here and enters theechilling bai id- 
a3 ing where it is refrigerated to a temperature of 
2¢ approximately 12 degrees Fahrenheit. After reiiger- 
25 ation, the gas then comes back in the ground and 
| rigs ) block 
26. passes through this discharge’valve into the 
27 main line at a pressure of 1680 psig. 
28 When the gas reaches the next 
29 station, approximately 50 miles away, it -- the 
30 expansion down the pipeline will cause the temperature to 





drop. 
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back to zero degrees. 

THE COMMISSIONER: 

Q Thats €dueSro tloss*) of 
pressure? 


A Yes, so the process can 


repeated at the next station. 


Q So it comes in at -- 

A At zero. 

Q At zero, you increase t 
temperature -- 

A Yes, andjeni PY aLet 

Q ANG -VOUBChHIAhe Tt? 

A And it leaves & 12 


approximately, and as it expands down the pipeline 
if returns to zero again. 
MR. °GIBBS:5 Mr.sCommissioner, 


could you tell us the size of the area? 


be 


he 


A This is 1200 feet this way 


by 900 feet in width. 


The refrigeration system whic 


we are using to chill the gas is a closed loop propane 


system which operates by observing heat from the 
gas stream to evaporate propane in the gas chiller 
which as I said before are located in this buildin 
here, 

The propane vapours then are 
compressed in this building to a high enough level 
so that cooling by ambient air temperature through 
the heat exchangers or condensers will cause it to 
condense. The condensed propane then enters this 


receiver -- you can;t see it very good there, but 
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In Chief | 
a there's a receiver there and from the receiver then 
2 the liquids flow back through the economizer to the 
3 chillers for re-evaporation. 
4 The economizer is a pressure 
5 vessel which takes a portion of the propane. It 
6 | allows a portion of the propane to vaporize at an 
7 intermediate pressure and returns it to the compressor 
3 at that interstage pressure to save on horsepower and | 
9 fuel. 
4a | The central heating system hot | 
Li water heaters and the electrical generators are 
phe located in this building. The motor control centre | 
3 and the control room are in this building. These | 
14 buildings are the operating and maintenance buildings. | 
15 Equipment storage, garage, living quarters and water | 
16 storage. These tanks are the diesel fuel.storage ! 
iy tanks for operating and maintenance. These are | 
18 750 barrel storage tanks. 
19 This tank here is -- receives 
20 liquid from the inlet scrubbers for storage, should 
au any leakage happen to occur or be collected in the 
22 scrubbers. 
23 Away from the 
24 buildings is shown the flow stock licuid 
25 | incinerator, and the fuel gas heater. That's about 
26 J it. | 
27 MR. MARSHALL: Thank you, Mr. | 
28 Koskimaki. Could you describe the manner in which 
29 the station size was selected? 
30 
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ALLWEST REPORTING LTD. Holmberg, Purcell, King, Koskimaki, 
i a McMullen, Reid, Price, Rathje 
In Chief | 
| 
eae WITNESS PURCELL: | 
> A The station sizes were ! 
3 selected as the result of an economic study consider- | 
4 ing those compressor units which were commercially | 
5 available at the time of the study. Calculations | 
6 | were made to determine the number of stations using 
7 each type of unit which would be required to deliver : 
8 an equal annual volume of gas at the end of each 
| 
9 section. The lowest total cost of Own_ling and | 
lo | operating the stations was the primary criterion in 
72 selecting the station sizes. This is discussed fur- 
12 ther in Section. 6.b.182 of the Applications 
13 | ©) What emissions will be 
14 produced by the stations? 
15 A Calculations were made to ! 
16 | predict ground level concentration of sulphur dioxide | 
17 and nitrogen dioxide (converted from nitric oxide) | 
18 around the stations using manufacturers' data for 
19 emissions of oxides of nitrogen and assuming the 
20 maximum levels of sulphur and hydrogen sulfide per- 
2). mitted by the pipeline gas Specifications. This pre- 
ea diction was made using a wide range of wind velocities 
a3 and ambient conditions for a radius of up to 100,000 
24 feet around the stations. 
25 The results showed thet the con- 
56 | centrations of either sulphur dioxide or nitrogen diox 
| 
27 ide would not exceed the ambient air quality standards 
28 of the Province of Alberta or the limits stated in 
29 the Federal Clean Air Act. To the best of my know- 
30 ledge there are no more stringent standards which 
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Sree aie, Holmberg, Purcell, King, Koskimaki, 
BURNABY 2, B.C. McMullen, Reid, Price, Rathje 
In Chief 
i pertain to the areas where stations could be 
2 | located. 
3 | MR. MARSHALL: Mr. Conner ones 
4 there is to be a further consideration of the quest- 
5 ion of emissions as part of the second phase. You 
6 | have directed in the pre liminany iculings thatswe deal 
7 with the impact on air and it was thought that we | 
8 | Solid deaiigwi ththilesubject tin more: detail then. | 
9 QO Can you comment on the | 
10 | noise that will be generated by the compressor 
11 | stations? 
12 | A Calculations to predict 
13 noise levels from the 30,000 horsepower stations with 
14 | refrigeration facilities and 55,000 horsepower stations © 
15 | with cooling facilities have been made. The Peery se 
16 | ions were based on using manufacturers' sound power | 
7 level data from each noise source in the station. | 
18 The results showed that when using conventional 
19 Silencing the maximum noise levels at the station 
20 boundaries would be about 70dBA and the maximum 
rah levels 1,000 feet from the station boundaries would | 
a be about 50dBA. Additional noise data appear in 
23 eectrom Pd beaded suof athe Application on page 17. 
24 Q Could you give us a refer- 
25 | ence point, sir? Could you tell us what 70dBA 
26, means or 50 dBA? What would that be equivalent to? 
27 A Mr. Koskimaki did these | 
28 calculations. He could respond to that. 
29 WITNESS KOSKIMAKI: 
30 A 50dBAlis more or less 
/ 
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baad ri seein Sey aa Holmberg, Purcell, King, Koskimaki 
: McMullen, Reid, Price, Rathje | 
In Chief | 
} Classified as a quiet residential abea Akh s aliso 
2 the limit which Alberta specifies is the maximum within) 
3 10 feet of any occupied residence. | 
4 Q And what about 70dBA? 
5 A 7OGBA is a level that more | 
6 | or less you would expect in your living room while 
7 you were running the vacuum cleaner or the T.V. was 
8 | on, a fairly loud level, or it would be the level | 
9 that you would find 100 feet from a freeway, say 
10 something like 10 in the morning when it is being | 
1 fairly well used. 
12] MR. MARSHALL: Sir, again this 
13 is a subject that we propose to deal with further in 
14 phase 2, | 
Lr} Q LULRIng, Si, to corrosion, 
os Would you please explain how the corrosion aspects 
17) of the proje cd were studied? | 
18 WITNESS PURCELL: 
19 A Northern Engineering 
20 retained expert consultants in the field of corrosion.,| 
21 They reported to our corrosion engineer who was 
AD) responsible for liaison with the other Sections. of 
pe} Northern Engineering, directed several testing pro- 
aS grams, and performed the admnistrative functions of 
254 the section. We were also able to take advantage 
26, of the experience and knowledge of the members of 
20 the Corrosion Subcommittee established by the pro- | 
28 ject's sponsors. This Subcommittee met on a regular | 
29 basis to review our work and give advice on our 
30 programs. Our consultants and our corrosion 
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Q What is the significance 
of corrosion to a pipeline? 
| A An effective corrosion 
control program on any pipeline system considers 
external, internal, and atmospheric corrosion. 


External corrosion control for a buried pipeline has 





historically been accomplished by using a suitable 
coating, combined with the successful application vor 
cathodic protection. 

It was therefore necessary 
to determine what coating types would be suitable for 


the constmction and operation characteristics of this 


applied successfully. Other factors that needed to be 
considered were the electrical,.chemical.,..and biological 


characteristics of the soils Surrounding the pipeline 





and the susceptibility of the pipe to stress corrosion 
cracking. 


An effective internal corrosion 





control program requires methods of controlling and 
monitoring the gas composition to keep internal corro- 
Sion to an acceptable level. 

The probability of severe 
atmospheric corrosion on this project is low except 
possibly in the northern marine environment. However, 
to prevent any surface corrosion as well as for appear- 
ance purposes, all exposed metal surfaces will be 


painted. 








pipeline and whether or not cathodic protection could be 


| 








: 





| 





QO Please describe the testing 
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programs and studies that were undertaken in these areas, 


A A coating evaluation program 
to determine suitable coating was carried out. This 


coating evaluation was based on tests performed on | 
! 


various coatings at low temperatures as well as the 


past experience of our consultants, the Corrosion 


Sub-Committee and the industry as a whole. 





Cathodic protection test 
installations were made at Sans Sault, Northwest 
Territories, and at Prudhoe Bay, Alaska. Laboratory 
and field tests were undertaken to determine soil 
resistivities, the effect of temperatures on resistivi- 
ties, and the effect of anode backfill and temperatures 
on ground bed design. Laboratory tests were carried 
Out on low temperature polarization and Corrosion 


rates. A chemical analysis of soils was performed on 





Soil samples obtained from representative areas along 
the pipeline route. A literature search on the 
activity of bacteria in northern climates was made. 
Tests were conducted to determine the Susceptibility of 
the proposed pipe to stress corrosion Cracking. 

i Study, of the intemal 
corrosion histories of Operating pipelines was made to 
determine the effect of various impurity concentrations 
on the rate of pipe corrosion. 

Q What are your conclusions | 
regarding the designs of the project from a corrosion 
standpoint? 


A The tests we have made 
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and the experience of the people involved in the corro- | 


sion studies indicate that conventional external coating| 





Systems will give reliable service in a permafrost 
environment and that a pipeline buried in permafrost 
can be cathodically protected. 

It has been well established 
that at ambient temperatures or lower, and regardless 
of impurities in a gas, there will be no corrosion if 


there is no accumulation of liquid water or a Liquid 





water solution. Internal corrosion in the line can 
therefore be controlled by limiting the amount of water 
IRV thengasetOpamlevel that will preclude condensation 
of liquid water and by providing facilities and pro- | 
cedures for removing any liquids that may temporarily 
accumulate. 

Q Would you describe, Side, 
the communications System required to operate the 
pipeline? 

A The pipeline requires a 
Suitable facility such as a microwave radio syatem or 
satellite system which would carry the following 
sub-systems: 


- private telephone network; 





- data acquisition and Supervisory control systems, 
including (a) gas control system; 
and (b) maintenance information system; 
= MObLLe, radio system; 
- teleprinter system. 


Preliminary designs of all 
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In Chief . 
Sub-systems were incorporated into the system design to | 
determine its required @pacity. These designs were 
based on projected voice communications traffic loads and 
data transfer requirements derived from information 
about the operating pipeline. 

For the design that was the 


basis of the application, a conventional microwave 





System was selected. This selection was made very 

early in the project before satellite systems and 
digital microwave equipment became readily available 

as proven designs. Cable systems were rejected because 
of suspected problems with buried cable in permafrost, 
and because of the unsatisfactory reliability character- 
istics of buried cable which is often dug up and broken 
if not buried deep enough. We are Carrying On “further | 


evaluations and may recommend the AdOpDL LON Ot. a 





Satellite system. 

Q Please describe the 
communications system required to construct the pipe- 
line. 

A If a microwave system 
is selected for the permanent communications Ssyxem, th 
pipeline communications requirements during the con- 
struction period would be satisfied by early construc- 
tion of the permanent facility, or by temporary micro- 
wave radio links to the construction camps. The degree 
to which the existing telephone networks would be 
extended to the construction camps over this microwave 


equipment would depend on whether the microwave system 
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is owned by the pipeline or leased from the Telephone 
Company. In the leased case, fewer communication re- 
peater sites would be required than is shown in the | 


application. A mobile radio system with a mobile radio 





console at each construction camp and stockpile site 


would also be required. 


Should a satellite system be 
adopted for operating the pipeline, it would be imple- 
mented as soon as required to provide communications 
service for constructing the pipeline. In this 
case, communications sites are required only at the 
construction camps and stockpile sites. A mobile radio 
System and some public telephone services would supple- 
ment the satellite carried services. 

MR. MARSHALL: Mr. Commissioner, 


Mr. McMullen has some slides and graphs that he would 


like to present dealing with the communications 





area. 
THE COMMISSIONER: Just a moment 
Mr. McMullen. This goes back to yesterday, Dr. Purcell 
and I just thought I'd ask you before it slips my 
mind. You said yesterday at page 24 of the notes that 
you presented that Arctic Gas was investigating auto- 
matic welding as well as manual welding processes, and 
you said that Arctic Gas might, for purposes of carrying 
out the girth welding in the field, use automatic 
welding machinery but that no decision had yet been 
made, by Arctic. Gas. Now can you tell me if you know -- 


and if you don't know, I will understand -- can you tell 
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me when Arctic Gas is likely to have reached a decision 
as to whether it will use welders in the field to Carry 
out the various welding procedures, or automatic 
welding machinery? 

A It would follow studies 
that are under way now, and these studies are aimed 
at developing techniques to weld, using both manual 
processes and automatic equipment. It would depend 
upon the results of those studies, and Mr. Holmberg, do 
you know the timing on those, those tests? 

WITNESS HOLMBERG: I think 
we'll have a good many of those results within the next 
Six months or so. 

THE COMMISSIONER: Well, what 
concerns me, Mr. Marshall, is that the decision will 
bearincon the number of men employed in the field, wage 
and employment opportunities on the project. How many 
welders would -- this is probably in the application 
somewhere because when the application was filed the 
assumption was you would be using welders and not 
automatic welding machinery -- but can you tell me 
offhand how many welders were expected when the 
application was filed to be employed on the project? 

MR. MARSHALL: I don't know 


if the panel has that information, sir. 


THE COMMISSIONER: They may not. 


MR. MARSHALL: The construction 
panel certainly will in that they have the breakdown 


of the manpower estimates that have been made. I can 
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certainly obtain further instructions on that point and | 
ensure that the construction panel deals in some | 
detail with the manpower and the techniques, 1£ you like, 
THE COMMISSIONER: Well, I 
won't pirsue it then, but would you® find* that’ out “for 


the construction panel, would you find out these things: 





When’ is Arctic Gas’ likely to reach a decision as to 


whether it“will in“tact™be employing welders on the 
pipeline, “or awns'teads using automatic welding 
machinery? How many welders were intended to be 
employed when it filed its application? Were any of 
ttose welders or were any of those welding positions 
intended to be opened up to northerners, and finally, 
intAacceic Gas 's northerner training program, have any 
northerners been undertaking training as welders? 

Was there any intention earlier of their undertaking 
training as welders? That -- I raise those matters 
just so that I don't let them Slip by. ooPcarry on , 


then. 
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| 
i WITNESS HOLMBERG: | 
2 | A Just one comment. I think | 
3 that one point that should be Clarified, and that is | 
4 even though they use automatic welding, there will : 
5 still be a large amount of manual welding. The intent! 
‘ is not to replace all the welding with automatic 
7 || welding, and in either event, why, my recollection is 
8 | that the number of employees will pretty much even 
9 out because of the number of technicians or helpers 
10 | and men of that calibre that will be used. | 
al THE COMMISSIONER: | 
1D Q Vege Welty “thank that we 
13 | should know a little more about thatjieinm Lact yh ‘think | 
14 we should know a lot more about it, and it is some- | 
15 thing, Mr. Marshall, that you should be prepared, 
1é | through your witnesees, to explain at some length in 
Hh the construction panel. 
18 MR. MARSHALE: -Yes sir, this is 
19 another of those areas that sort of falls between 
20 two groups, if you like. There's an input from 
On design and there's an input from construction, and 
BI) we'll certainly follow through with the construction 
23 panel and give you considerably more detail. 
24 | THE» COMMISSIONER RatE think +this | 
Ds isan CUmekind. ofastitt< 
26, _ WITNESS MCMULLEN: 
ei A Mr. Commissioner, I ! 
28 would just like to quickly review what is contained 
pa!) in Section 8.b.7. ofthe application.) «Ltywas 
30 indicated that studies were underway to determine 
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1 an implementation method for the pipeline communicat- | 

2 | ions system, and this would serve both the construct- | 

3 | ion and the operations of the pipeline. 

4 A microwave system, such as 

5 depicted here, was described in the application primar-' 

6 | rily to provide information on land use and costs. 

‘| Our objective in setting out design criteria for such 

8 a system was to obtain reliable communications, ade- 

9 quate capacity and to make sure that the implementation 
10 schedule of the communications sytem was satisfactory 
nee in the context of the proposed pipeline construction 
42 schedules, 

13 In addition to these general 

14 | objectives, we had two other prime objectives which | 
aS) was to prevent the situation where the pipeline | 
16 activities would cause the degradation of the tele- | 
Lf communication services in the north. And to cooperate, 
18 with the regulatory authorities and telecommunication 
LD common carriers in the north, to serve the public 
20 interest wherever possible. | 
21 Now, in these studies we were | 
22 looking at integrated communication systems to both | 
23 serve the construction and Operation of the pipeline, 
24 and we narrowed the implementation methods down to | 
25 | three: The leasal satellite system; the leased 

26 | terrestrial microwave system; and the company owned 
on and operated microwave system. 

28 | Now, I would like to digress 

29 a bit to cover the area of Capacity DSC Sn 
30 Systems. On this slide we have one voice channel, 
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many voice channels and a medium for Carrying them. 
Now, a voice channel when it's 


converted into a micromagnetic signal generally 


occupies a band width between 30 hertz, and) 3 1 
kilohertz. Now, this is a standard telephone channel. | 
It's not the same spectrum that everyone talking -- 
for instance, a man's voice would contain more 
energy towards the lower end and a woman's voice 


towards the higher end, but the equipment that is | 





provided for telephone use generally has the standard 
telephone channel. 

Now, in long distance systeng 
it would be very uneconomical and inefficient to have, 
Say one wire for every voice channel or one radio 


Channel, so we multiplexed the voice channels together 





into a complex signal. In this case, we show a spect-— 
rum of 12 voice channels. This is known as a group 


of voice channels which occupies the spectrum between 





60 kilohertz and 108 kilohertz. 

Now, it's possible to multiplex 
many, Many more voice channels, in fact up to 1,200 
in such a manner. Now these multiplex voice channels | 
are modulated onto a carrier frequency in the case of | 
a microwave system, which is shown here in the centre. 
This modulated carrier frequency occupies a band 
width of 3 megahertz, and this represents a voice 
channel capacity of approximately 300 voice channels. 

Now, the band width that the 


Signal can occupy, the modulated signal can occupy, 





is specified by the Department of Communications, and 
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1 the capacity is a result of that specified band with, | 
2 plus the characteristics of the microwave equipment. 
3 This 300 channels, by the way, is typical of the | 
4 microwave networks that are eperated «by. .C.N. Tele- 
e communications presently in the north. 
6 This is a schematic, it shows 
a | some of the equipment relationships that we're dealing 
3 with. This multiplex equipment here has many voice 
9 channels coming into it, and it has a complex signal| 
10 contaning the information of many voice channels on 
ll one wire going to the microwave radio equipment. 
1 The microwave radio equipment | 
is modulates this complex signal onto the RF carrier | 
14 and it's transmitted up the transmission line to a 
| 
es directional antenna, which is mounted high on a | 
iG tower. Now, the height of the antenna must be such | 
Lh that line of sight between this antenna and the next ! 
18 antenna is achieved. 
19 Now, the distance that the two 
20 antennas are apart edepends on the topography of the 
Dy land, and in typical cases it's 20 to 30 miles apart. 
DD However, the compressor stations on the pipeline are 
28 on the average 47 miles apart, so between compressor 
24 stations we must have a repeater station somewhere. 
25 On the lower part of the view 
26. graph we're dealing with the Satellite system. The 
Pe] term earth segment alludes to all of the earth 
28 stations. The term Space segment alludes to all of 
29 Satellites that are being used in the satellite 
30 | system. 
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1 A Another term is transponder. 

2 A transponder is equivalent to an RF channel in veny, | 

3 simple terms, but in this case the transponder has a | 

4 band width of 40 megahertz which would carry one net- 

5 work quality television signal. 

6 | The satellite system that we 

7 | are looking at is the one from Telsat Canada, it has | 

8 | 12 transponders in a stellite. 

9 To turn to something more | 
va applicable to the pipeline system. This is -- shows | 
ry} our estimate of the number of voice channels required | 
12 for the pipeline system during operation. Typically | 
13 | 66 coming up from the south to Fort Simpson; yor eaie 
14 594 from Fort Simpson to Norman Wells, and typically 
u5 42 between Norman Wells and Inuvik and typically 
16 30 between Inuvik and Prudhoe Bay. | 
? Now, this is -- these channels 
18 are estimated from the number of people that would be 
19 requiredto operate the pipeline, the type of work 
20 they would be doing, the location of their work, and 
2h also on the amount of data that is required to be 
a2 collected from the compressor and meter Stations, 
a3 and taken to the district offices, and also back to 
24 the gas control centre in Calgary. 
aS: Now, to put this in some Sees 
26, I would like to show the telecommunications network 
27 relevant to the pipeline, that C.N.T. or Canadian | 
28 National Telecommunications will have in operation | 
a in 1976. Notice that along the Mackenzie Valley, 

30 there will be a microwave system capable of carrying 
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i 300 voice channels, but that's somewhat misleading, 


2 | because for instance between Fort Simpson and Norman 


3 Wells, there also must be circuits assigned from 
4 Hay River to Inuvik, so the Capacity available in 
5 this section here depends on really the circuit assign- 


6 | ment of the multiplex scheme, and it would be somewhat. 


je less than 300. 
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McMullen, Price, Rathje, Reid 

In Chief 

We had provided the suppliers 
of communications with the functional Specifications, 
and one of the proposals that we received was from 
a consortium of Telephone Companies, and they have 
proposed to build a new microwave system along the 
entire length of the pipeline, that is duplicating the 
facilities that even now are being constructed for 
175. sine capacity of these facilities will be mee | 


greater than is required for the pipeline, and there 





is potential for other telecommunication users in the 
north to use this excess capacity, should it be built. 
Now one of the other proposals 
that we received was from Telsat Canada, who is a 
Satellite company, a domestic satellite company in | 
Canada,and this depicts the satellite system serving | 
notice 
the pipeline, and’there are many, Many air stations 
built along the pipeline. Now these are stations that 


would also have some excess capacity so there is a 


parallel between that and the microwave system proposed 





by the Telephone Companies. 

I now have some slides that 
we -- Telsat Canada has been kind enough to loan us, 
and I would like to present them by way of further 
information. 

THE COMMISSIONER: At the 
moment, Dr. McMullen, you say that Arctic Gas intends 
to use a conventional microwave system. is,chat a 
firm decision or is that a matter that's under 


review in the light of these proposals that have been 
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advanced by Telsat Canada and the consortium of 

Telephae Companies? 


A AtCStenc. time that the | 


application was made we recognized that we were looking 





at various implementation methods, and that the decision | 


had not be made, and that decision still has not been | 





made. So that we are in the process of going through 


i now. 

Canada has two telecommunicatio 
satellites presently in space. Anik I is parked in’ a 
geostationary orbit over the equator at 114 degrees 
longitude, approximately straight south of Yellowknife. 
Anik II is 109 degrees longitude, that's approximately 
straight south of Fort Reliance at the other end of | 
the lake. Next month, Anik III will be launched and | 
it will be parked at 104 degrees longitude, and that's 


-- that will be the full complement of satellites that | 





Canada will have up until these ones wear OU On 
course, Anik I, which is the one shown here, has 
nine of its transponders presently assigned. There are 
two others which are held in reserve for backup in 
case one of the other transponders fail, and there is 
one spare channel which Telsat Canada have proposed for 
the pipeline's use. 

Now, the pipeline will actually 
use about half of the one broad band channel on 
Anik I, half of its capacity, so we are taking up 
about 1/20th of one of these satellites by way of 


using existing resources. The next one. 
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This is a schematic again of 
how the pipeline will be served. One of the channes in 
Ahik I will be used for operating the pipeline in the 
primary mode, and it's shown going to the larger of the 
two antennas on the first station here. 

On Anik II we will have a 


control channel which will monitor the health of Anik 





I, so that should Anik I have a Sees KCORiic failure, 
that is the whole satellite go” way, it's possible to 
Switch over to Anik II, and we can see that in the next 
slide. 

Anik If ts now serving the 
Pipeline, and when Anik it; ai it should fail, pardon 


eve WOULD Litsty set Up Anik TL ‘ac the primary satellite 


and the control would be moved to Anik III until such time 





as Anik I was replaced again. 

Here we see what the effects of 
losing one earth station is on the system. Notice that it 
would not affect any of the other stations if it fails, 
Now I might mention that should the communications length 
be severed to any compressor station, it will operate, 
it will continue to Operate in a safe, secure mode at 
the last set of instructions received from the gas control 
office. 

This is a portable air station 


which might possibly be used during the construction of 


the pipeline, it provides a very flexible system. 


‘This is the approximate size of 


one of the earth stations at 4 District Office. There 
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2 would be, however, two antennas approximately the same size. 
3 These would be located at Inuvik, Norman Wells, and 
4 Fort Simpson, right next to the existing remote tele- 
S vision receiving air stations. 
é This last slide shows the 
A coverage possible from this satellite. In the Telsat 
8 proposal they have proposed to service the pipeline, | 
9 the complete pipeline from the 49th Parallel here and 
af also including Alaska. That's the end of my slide show 
hit THE COMMISSIONER: Thank you 
ae. very much. 
23 Mie MARSHALES OF Mrs “Purcell, 
14 from your standpoint, what special considerations are 
15 associated with (a) the East of Fort Simpson route 
a6 revision, and (b) the 42-inch supply line alternative? 
ci WITNESS PURCELL: For the most 
18 part, our work on these modifications was conventional. 
19 IN each case we received route information from respon- 
20 Sible people and determined where the compressor 
21) station should be located for optimum hydraulic perfor- 
AP mance. These locations were reviewed by others for 
23 conformance to their criteria concerning suitability 
24 from the terrain and other environmental pants of view, 
25 and adjustments in the locations were made where 
26 necessary. mye tie*case ofa 42=7ncn 
24 supply line alternative, we determined which compressor 
28 stations would be required to be constructed earlier. 
29 The= need’ ‘for“ecarlier’ station construction to transport 
30 the same gas volumesas a result of the larger pressure 
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drop in the 42-inch pipe, compared to the 48-inch 
pipe used in the original application. 

Q in your area of 
responsibility are you satisfied that the pipeline 
design is technically feasible? 

A Yes. The engineering 
designs in each of these areas have been performed 
according to good engineering practice, using existing 
and tested technology and within the project's con-. 
straints, the major system parameters have been selec- 
ted to give minimum unit costs of transporting the gas. 
The pipeline design therefore in my opinion, obeys the | 
rules for good engineering design and is technically 
feasible. I will deal in turn with each of the design 
areas for which the panel was responsible, and explain 
the reasons why we believe the design is feasible. 

Ui Systems design. Four basic steps were taken in 
the gstem design area to assure that our overall sys- 
tem calculations were valid and gave correct results. 
The first of these was to base all our system calcula- | 


tions on the fundamental physical laws. The second eed 
to use proven and well tested equations wherever 
possible, provided we could also Beis them from i 
the fundamental laws. Thirdly, we used experimental 
data to check our techniques in new areas where this 

was necessary. And finally, we spent considerable time 
in carefully selecting realistic, practical data for 


use in our techniques. 


2 Pipeline design. The mechanical design of the | 
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pipeline, scraper traps, valve settings and measurement 





Stations uses designs that have proven to be reliable 

in the gas transmission industry. The components for 
these "facilities are based upon sound material speci- 
fications. We have a considerable amount of evidence 
from manufacturers, based on their experience and tests, | 


that the essential requirements of these specifications 





can be met. 
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7 3. Metallurgy. 
2 The majority of the developmental 
3 work on the materials specifications was performed by 
4 the Metallurgical Subcommittee which is composed of | 
iS the principal metallurgists of several of the project's 
6 | sponsors. Mr. Holmberg, representatives from pattelle 
7 | Memorial Institute and Canadian Arctic Gas and | 
8 | Northern Engineering's metallurgists attended and 
9 contributed to the deliberations of this group. The | 
10 Subcommittee members brought to the project a wealth 
1 of experience and knowledge and have been working 

19 intensively on the project since the fall of 1969. 

13 Their work has included numerous meetings with tech- 
14 nical experts from companies manufacturing pipe and 

15 other components of the system. The purpose of the 

16 meetings was to compare the project's requirements 

17 with the manufacturers' capability so that material | 
18 specifications could be developed that could be met 

19 by the manufacturers and would result in materials 

20 that were appropriate for the requirements of 

el the project. 

» 9 In discussions with the manu- 

93 facturers, the Subcommittee indicated the need for 

24 evidence that the specifications could be met, 

25 especially with regard to requirements that were 

26) more stringent than in other specifications. In 

ae many cases, the manufacturers rolled pipe and 

28 fabricated pipeline components to our specifications, 

29 so that tests could be made to verify that the 

30 specifications requirements had been met. 
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Because of the degree of expert- 
ise brought to bear on the metallurgical aspects of 
the project, the thoroughness of the work, and the 


confirming evidence from manufacturers, we are con- 


fident thatthe metallurgical designs meet the require-| 


ments of good engineerng practice. 

4, Stress Analysis. 

We are satsified that the pipe- 
line structural design is technically valid and that 
the pipeline would remain serviceable under probable 
applied and potential loadings. In establishing 
design criteria, we relied on the past experience 
and efficient operation of existing pipelines for 
the usual conditions encountered in pipeline design. 
For the special conditions applicable to this 
project including stability at field bends and frost 
heave, we developed modifications to a recognized 
computer program to analyze stresses and deformations 
in buried line and the interaction between buried 
pipe and frozen and unfrozen soils using modern 
analytical methods. Results of analyses using this 
computer program assisted the geotechnical study 
groups in establishing geotechnical criteria designed 
to assure the integrity of the iselane- For earth- 
quake loadings and seismic design criteria, we relied 
on the recommendations of Dr. N.M. Newmark, who is 
well known for his expertise in seismic resistant 
design. 

All structures, including school 


churches, high rises, et cetera are vulnerable to 


| 


| 
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x extreme contingency type loading and so would be | 
2 | the pipeline. The stress analysis does not consider | 
3 | this type of loading condition, which includes 

4 massive landslides, washouts, et cetera. The design 

5 approach is to locate the pipeline so as to avoid 

6 | such areas. 

Wi 5. Station design. 

8 The design of the compressor 

9 stations wherever possible incorporates well proven | 

10 | concepts. The chilling stations. are based.on con- 

Ry | cepts proven reliable in the gas processing industry. | 

Ww The components used in the high-pressure gas piping 

13 | in the stations are based upon the same material 

14 specifications and supported by the same evidence 

15 discussed under Pipeline Design. 

16 | 6. paGOrnosi.on:. 

Tl Pipe coating materials and : 

18 cathodic protection systems have been determined to 

19 be effective in a permafrost environment. The | 

20 remainder of the corrosion concerns differ little | 

Da from those for a conventional pipeline and corrosion 

22 can be controlled by well proven procedures. 

23 : 7. Communications. 

24 | The communications system 

25 | design underlying the application is a conventional, | 

26 | well-proven design. We have considered and satis- 

Phe | fied in the design the need for unusually high unit 

28 | reliabilities due to the length and complexity of | 

29 | the pipeline system. Other types of communications | 

30 | systems are available to us and may provide even 
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BURNABY 2, B.C. McMullen, Reid, Price, Rathje 
In Chief 

l more reliable service. This is one of the most 

2 important factors that will be considered when a 

3 | communications system is selected for final design. 

4 

5 | Q Mir mehr ced) iismoulids like 
| you to deal with the question of above ground pipe, 

7, the materials that I circulated a few moments ago. 

8 Has consideration been given to 
+ placing the pipeline above ground? | 
vy A It has been suggested from 
ll | time to time and because of the discussions that have | 
12 | taken place in these hearings earlier, I thought it 
13 was a good idea to put down all our thoughts, so what | 
14 I am going to read reflects the feeling of this group © 
15 | of people, and it has been reviewed by Dr. Clark on | 
16 | the geotechnical group and he is in accord with what 
17 | it says. | 
18 The traditional method of : 
19 | installing cross-country gas-transmission pipelines 

20 in North America is buried construction, regardless 
21 of the terrain crossed. Above-ground construction 
Si) is used rarely and then only in special circumstances ,| 
23 such as at crossings of rivers with unstable and | 
24 unpredictable channel action. The original concept 
254 for the Artic Gas Pipeline included the traditional 
26, buried construction method, with gas chilling in 

om permafrost regions to avoid melting the permafrost. 

28 The reasons for intially select- 
29 ing the buried construction mode included: | 
30 1. Pipeline companies are 
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BURNABY 2, B.C. McMullen; Reid, Price, Rathje | 
in Chives. 
i familiar with and have confidence in the buried mode. , 
2 This was back in 1969 when we 
3 startedion this¢project)candelgthink.«pointenumbern1! 
4 samphyprelatesrtotitheyifact thatuyou startion something 
5 | new at the point which you're most. familiar with it. 
6 | 2. A buried pipeline is much 
74 less vulnerable to damage by man. An above-ground 
8 | pipeline could be subject to damage during right-of- 
9 way Maintenance activities, by other construction 
10. activities, and by deliberate acts by man. | 
pal 3. An above-ground pipeline | 
Hee would present a barrier to migrating animals. 
13 4. An above-ground pipeline is 
14 | aesthetically undesirable. 
15 | 5. An above-ground pipeline 
16 | would have to be insulated so that hydrocarbon liquids 
17 | would not form in the gas at low ambient temperatures. 
18 Alternatively, the gas transported would have to be | 
U9 primarily methane (the lightest hydrocarbon component | 
20 of natural gas), which would seriously reduce the | 
UA energy-carrying capacity of the pipeline and would | 
22 present the gas-processing plants with the problem of | 
S58) disposing of the heavier hydrocarbon components. | 
a | 6. Once the pipeline is eee 
25 | chilling stations would be required to prevent the 
26, flowing gas temperatures from increasing to unaccept- | 
27 ably high levels as it is compressed at successive | 
<8 compressor stations. As a result, there would be no | 
29 difference in the station compression and chilling | 
| 





30 facilities between a buried and above-ground pipeline. | 
| 
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In Chief 

1 7. A special metallurgical design 

2 might be required for an above-ground prpe lynes “During 

33} a pipeline shutdown or before going into operation, 

4 the pipe temperature would gradually approach the 

5 ambient temperature. For a buried pipe that has been 

6 | shut down, the pipe temperature will be the same as 

7 the ground temperature, which in the wintertime is 

8 | - much warmer than the air temperature. The low 

On temperatures to which an above-ground pipeline would | 
10 | be exposed could require steel properties which might : 
TAL, be unattainable in large-volume production or might 

12 | be prohibitively expensive. | 
13 | 8. An above-ground pipeline | 
14 | would require larger concentrations of methanol in | 
15 | the test fluid, because the test fluid would reach 
16 a lower temperature than in a buried pipeline. | 
i 9. An earthquake resistant 
18 design would be more difficult for an above-ground | 
hy) pipeline, especially if it had to be elevated at 
20 intervals to provide passages for animals. | 
peal Some information from Russia 
oe was available at the time the initial studies for | 
oe} the’ Arctic Gas pipeline commenced, which indicated 
24 | that the Russians were planning to construct their | 
25 | gas pipelines in permafrost on pile supports, rather 
ag than use the buried construction mode. Because 

eh the information related only to planning -- this was | 
Eps. again back in 1969 -- rather than reflecting | 
29 experience, it did not weigh heavily at these early | 
30 stages. | 




























: _ 

: ; mm aa ~~ 
wilesh (eo. pr Sigtem Issoege 4 a - . : 
oof tipo | a 
Stine =. enh Legg bitinowspvnds. a6 pases r sada ‘spdpt 


wi) doscoreage Vil enheryp b tee Jao 
mead es sfy vqrg Pavaud se 104 _~sius 


gate ad {tiv Say suroqmod sqig erty amwob tude 


¥ Loyalw : xa rity forte usa TeRmOS samba ora i 

edt .scudeteqne? nis sodt eae Tenmusw. dovm _ 
bihiow onilaq muoip-evoda a» dotdw oF metustezeqmes b 
| Arte Ap i eats eoJje Ssuivpit Bbivoo baeeqne od pe 
; pesto vlow-oortel ni eldenisdsann od ea 


‘| 
- 


7 


.evieneqrte ylavitididorg ed 


. T . f? 
mr rode ah q 


sigepaon weonet sitopes Bivow 


—- 


i2 sednced ,btult taed eld 


fp mi asit sutexeqmot xewol 5 

. , 5 tue. «i? 
yod Sleptlarb sxom od BI tow erat, . 

eit A d of hed oF Wz vlisineaes poahiosiq 5. ' 


Pat 
Los e6Rnareg ebivetq: o7 atoviogal _ 


notcamastee wee | ites A 
eihus feltiea! eas eml? edd gb oidélisvey any a a 
hese ¢ bed ttw  heoretinges andloargq wetoaireic 


| 
tied? sa0y22reo oF PREMmaniq stow a bees 
 «teliet ,attecgve sity nq geotiomxeg Ms est fog i 


eeeoo .obor rotggaydeaos am . 


Hew sidd ~~ poinnsia o8 wxtac botsler m 


gnivoelte: anny radius -~ RAs if ui? 
aga 4 


‘bed. on 
| , ie 
( 18, ala bie ae 
on Pa _ a) 


* 






yliss sands Je Viivesd A iow, if 
| iat eet 


ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 























3764 
Holmberg, Purcell, King, Koskimaki, 
McMullen, Reid, Price, Rathje ! 
In Chief 


Attempts have been made to gain 
information from the Russians as to their experience 
with construction of gas pipelines in Sibern. 
Although exchange visits have been held, limited 
information has been obtained, certainly there has 
been insufficient reliable information upon which we 
could base our design. Mr. Fielder of Arctic Gas, 


who has been involved in these exchange visits, will 


be giving evidence as part of the Construction Panel. 


After reviewing the pros and cons' 


| 
| 


of above-ground versus buried construction, the Arctic 
Gas engineers continued to use the buried mode as 
their prime design technique, and put the above- 
ground mode on the shelf to be used only in the Byene 
insuperable problems with the buried mode emerged. | 
Geotechnical studies and design were concentrated on 
overcoming thdproblems encounterd with the buried 
mode, such as frost heave, slope movements, andithe 


maintenance of drainage. The geotechnical people 


now state they are confident they have solutions for 





these problems. 


A study was done recently to 
compare the costs of above-ground versus buried 
construction for portions of the route from Wrigley 33 
the 60th Rrallel. 

This was more precisely from 
Milepost 500, which is about the Black Water river 
crossing on the pipeline route to the 60th 
Parallel. This section was identified and its 


Characteristies were developed by Dr. Clark's people. 
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BURNABY 2, B.C. McMullen, Reid, Price, Rathje 
In i¢hved 
l In this 300 mile long section 
2 | where the pipeline is proposed to operate in the 
B) chilled mode, about 200 miles of the terrain is un- | 
4 frozen. The unfrozen terrain appears in about 30 | 
5 percent of the route in the northern most spread in 
6 | this section -- that's the construction spread -- and 
7 | increases at the southern end to a level such that 
8 | an above-gronnd pipeline would not be buried as it 
a crosses the very short frozen areas. The study was | 
10 | based on burying the pipe in the frozen sections and | 
Te): installing it on pile supports in the unfrozen | 
es sections. 
13 | A very preliminary design for 
14 | the above-ground sections was prepared in order to 
15 | be able to produce cost estimates. The pipe was 
16 | assumed to be supported at 100 foot intervals on 35 | 
17 | foot long 20 inch diameter supports. 
18 I'm afraid, Mr. Marshall, we've | 
19 left out a line here. I think this said that anchors | 
20 were assumed to be installed at about 2,000 foot 
23): intervals, and the pipe to be insulated and placed 
22 in a zig- zag configuration to provide the needed 
23 flexibility for temperature changes. Timber crib- 
24 bing between pile supports would be used to 
25 | accommodate the increased load during hydrostatic 
261 testing, and then removed. No special metallurgical 
Pi designs were used, as the extensive studies and 
28 tests required to produce these designs have not | 
a been done. 
30 |i 
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The cost estimates showed that installing 200 miles of | 
pipe above ground in the 300-mile section would increase 
the costs by the following amounts. The costs are shown 


in 1974 dollars, and do not include indirect costs. 





About 50% would have to be added to account for cost 
escalation and indirect costs. 

Indirect costs include 
interest charges and so forth. 

Now there is a tabulation of 
categories of cost, they are expressed in millions of 
dollars of extra cost for the above-ground installation. 
Pile supports S138) mi Lion dollars. 


Insulation © S33 °mielivon, dollars 


Savings in ditding, 
backfill, cleanup & berms -- that's a Savings or a 
credit to the above-ground installation of 31 million | 


Cost of special metallurgical designs is not included. | 
The total extra cost is S210 million. ‘This)extra cost 





can be compared to the estimated cost of constructing this 
300-mile section in the buried mode of $339 million. 
So it's an increase of about 608%. 

I said earlier that an above- 
ground pipeline is more vulnerable to deliberate or 
accidental damage than is a buried pipeline. If the 
above-ground pipe were damaged severely enouh to 


initiate a fracture, we believe that the pipe might 





fail over an extremely long length, because of the 
enormous energy released from the pipe during a failure 


and the fact that it could very well prove impossible 

























7 aoe 


| 


} 


_ ya, $hdi eee oe i as 
do salter 00S: bart swewh dant be oe 3 
. ei 
ancanc 4: /fiday iol tee stie-Oob ae 
| ; 
iwone stp fieoa vis -Btducas volta sill | 
ethene gortclhet Shu bork ton! ob “hal at re fob. ‘ 


thos 10 Staojos. OF bebbs ot of ‘pvsit Biwor | dd! Sbeds 


eden Aehor sw atdiont 


AR a, 1 I's - 


sabilend @2c08 gaenibar Te 


.Ads0t of8 bas ine ae 


» ond | > 4 TY 
To Mole omay vw al ored? wok " : 


} 


= 


i 
Peet 


bAgtiot 'ctend brvcip-oveds ete od ga00 B1IxK8 “to eiitial oh 


tu andiliim of beecetgrs Sis vers \ 3209 to ‘gelzopedep 


seasifeb sokifhim 6siz wd xONguE stra | 

. , 
axerfoh oo lilia €4 2 ; wolsatuent 
* \pr¥es.is at epnivee ies 


P 
fs 
~ apmilyvee » a’ gant ~- Bmxed & ytinsets 1 Etoed ik 


vo) Pie £0 86 cee ted ert bruoxp-avore, ong oa tbe : a; bs 
ie Wer 
Jbebutonh wor ei aaprash Inoipzcilesem oer eers 20. coe 2 a 

at 
| jroo cmp GHT wars tin 0182: el Sead sae I dog ost 4 hes 
} 
yes 


‘i+ palsowvdenon Xo 48o0o bedamedas ols od hepa ee 


noitlion @&&¢ to etan bleed ad?: nko Joo% ae a 

609 Sods to Pr ion ig 

-avods ha t6n9 seh itee bive : eg 7, 

| wo otécanttae cur ofdexenkuy saan \sl i sw. ee WG 
evs ET whi lagi betas oe ntak 


o2 Mone ybsieven hap 


| 


4 


ACE WEST RE POR GING LTD), 
BURNABY 2, 8... 





: 














narrow watercourse crossings, for example. Pipe 


CA | 
pameeee netiey SoS maki Holmberg, 


McMullen, Price,Rathje,Reid 
in, Cae. 


to design supports that would restrain the pipe, as the | 
ground does for a buried pipe. An above-ground pipe that | 


has failed would behave very much like an unrestrained 





fire hose under pressure, whipping back and forth. This 
whipping action could cause successive buckling so that 
the failure would proceed indefinitely along the pipeline. 
The ground prevents this type of behaviour for a 


buried pipeline that has failed. 





If a failure in an above-ground 
pipeline did occur, it could be of sufficient length that 
repairs could take weeks or months. This interruption 
of revenue would be intolerable to the pipeline company. 


If an above-ground pipeline had to be constructed, and 





this restraint problem could not be Overcome, the only | 
prudent design might be to installa second oF 


insurance line, similar to what is proposed for the 


major river crossings. The cost penalty discussed pre- 
viously would then more than double. 

At the present, we have con- 
cluded that short sections of above-ground pipe are 


feasible, if their use is indicated at steep banked, 


Similar to that proposed for compressor stations could 
be used, which is available in relatively small quanti- 


Epose Short sections of a few hundred feet could be 


replaced in a day or two if they failed. 
We have determined that 
solutions are available to frost heave and other geo- 


technical problems. There is then no reason to install 
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McMullen,Price,Rathje,Reid 

In Chief 

Cross-Exam by Gibbs 


| 
| 
| 
| 
| 


long lengths of above-ground pipe, with their associated' 
cost penalty and their environmen_tal and aesthetic draw+ 


backs. A buried pipeline provides the best solution. : 

Q Mr. Purcell, are there | 
any concerns pertaining to facilities design capacity 
that were raised by the Board of the Government 
Assessment Group, that the panel wishes to respond to? 

A Wel'reimot,, I idonv:t 
believe, prepared to respond to it right noy,Mr. 
Marshall. We have the information with us and we could 
become prepared. 


Q What reports and studies 


does the panel rely on in support of its testimony? 





A I believe there's a list 
attached to the direct testimony that you distributed. 
We reiyetont that la st: 

MR. MARSHALL: Thank you, sir. 
That concludes the direct presentation of this panel's 
evidence. | 

You may wish to take the 
coffee break before we get on with the cross-examination). 

THE COMMISSIONER: Perhaps we 
might.ete think Miss Hutchison’ will det) us know: if 


that's feasible, as they say. 


CROSS-EXAMINATION BY MR. GIBBS: 
Q Dok Purcell odoes’) your 


design work include the Alaska and most northern border 





group sections, as well as the Canadian sections? 
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A We're responsible for the 





design work of Alaskan Arctic Gas. We are not respon- 
Sible for the northern border work, or any other sine 
Cing facility south of the 429th Parallel. 

Q Mr. Dau when he was 
giving his evidence on location, gave a general 
reference principle for pipeline location to the 
effect that all other things being equal, the most 


econonmical- location is the shortest distance between 





Che potmtcror Supply and tie point of delivery. I am 


going to ask You if we “cant develop some similar 
general principles for design, and I'd ask you to start 
by turning to page 5 of your prepared evidence and 
direct your attention to the last sentence on page 5, 
"The third objective was that the pipeline 
system should be an optimum design so that | 
it could be built and operated to transport 
Gas 2d MinimMumewise cost.” 


Do you see that? 

















A Yes sir. 

O* And Dr. Purcell, would 
you care to agree with me that we could adopt that 
COtd General principle "for design. to this effect, that 
yoyare expected to design the optimum pipeline system 
to be built and operated in a “given Idcation, that 
being given by the location group, for the transpor- 
tation of given volumes of gas, of given composition, 
at a minimum unit cost. Would that generally describe 


what your group is required to do? 
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A I ithanietso payes: (sir. 
It's Mr. Purcell, by the way. 

Q You sand cheaxe. both ain 
that lesser academic category. iaprescume, then since 
this panel is concerned with minimum unit cost of 


transportation, they can also talk about capital costs 





and. mates ttol ls\andttar pits. 
MR. MARSHALL: 

We had expected that 
such matters would be dealt with at considerable 
length by yourself and others before the National 
Energy Board, and this panel is not prepared to get 
into those subjects, Mr. Gibbs. 


MR. GIBBS: 
Well, the answer is that 





this panel will not give those answers. Who gave you 
the location for the design purposes, Mr. Purcell? 

A The specific locations 
were provided generally by Mr. Williams and the people 
working with him. 

Q And when were you given 
the locations which enabled you to develop the design 


that went into Exhibit 54? 





A istthat sche: original | 
application? 

Q Yes 

A I believe the route was 


Settled: on in the middle of 1973. 
Q On page 4 of your pre- 


pared evidence, you say that-- right at the last 





paragraph: 
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vl 
2 | "Our general instructions from the project 
3 sponsors, which were developed in part on 
4 the basis of the studies we performed, included ! 
5| the ppoimtseef rgas hsupply sand pdelivery.” | 
6 | Were those developed by your group or by your sponsors? 
7 A The points of ‘Siipply and | 
g | delivery were developed by the sponsors. | 
9 | Q And when were you given | 
dl those points? 
11| A idon*t thinks they ‘ve 
12 | changed since 1972, the two supply points and the two 
| 
13| delivery points. 
14 | Q Alle right. You also | 
15 | Say, your instructions developed in part on the basis | 
16) of your studies, included the gas composition. Who qve 
17 | you that, or did you develop the composition yourself? 
1s. A This is one of the 
19 || examples where our studies influenced the information 
20 that was, relating to the information that was given to 
24. us. We were given from the Prudhoe Bay producers 
22 | several alternative compositions, and we did studies 
23 to.determine which composition would give the maximum 
el amount ‘of B.T.U. throughput inwthe,;pipeline. 
25 | Q Those several alternative 
26. compositions were alternatives which a plant yet to 
27+ be constructed could deliver to the pipeline. 
28 | A That's correct, by 
29 Operating at slightly different temperatures. 
30 | Q And your influence was 
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McMullen,Price,Rathje,Reid 
Cross-Exam by Gibbs 


felt, did yau say, in the B.T.U. content? 


A We did studies to deter- 


mine which gas composition in a given system would 
result in delivering the maximum number of B.T.U.s 


throughout the pipeline. 


Q And that has something 
to dowth the number of -- the amount of liquids 
included in the gas. 

A They are’ not liquids 


at the pipeline conditions. 

Q No, but ‘they"re liguids 

at atmospheric pressure) 

A That Ss "correces 

OQ Anasthe chird thing you 
mentioned in that paragraph is the design gas volumes 
for each operating year. Does that mean the average 
day throughput in each Operating year? 

A Vecms ii, 

Q But you have to build 
into your design sufficient Capacity, I presume, for 
peak day volumes also. 

A Tiateus Correct. 

Q Who provided the gas 


design volumes for each operating year? 


A They came from Mr. Horte. 

Q And when were those 
provided? 

A ian not “sure” Mr." ‘Gibbs. 


I think they would have been in early 1973. 
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BURNABY 2, B.C. Cr. Exam, by Gibbs | 

l Q Can you tell me what the 

2 | max day volume is, for the fifth year, for example? 

3 | A The maximum capacity of 

4 | the pipeline? 

5 Q Yes. 

6 | A They're shown in the 

7] application. 

3 | Q in Exhibit 54? | 
9 A Wes, Ssdr. fi fd4m note== well | 
10 I think Exhibit 54 is one volume; isn't Lt?” The 

ll flow diagrams are shown along with the design aceoienes 
12 irbeliéve.:+ The large*sheets* 
13 | Q Ald inight .ArcNows Mrs Purcell, 
14 | does the group with you there on the witness stand 

15) represent the entire design group? 

16 A They represent -- are preres 
17 | other people in the group, do you mean? 
18 Q Yes, was -- | 
19 A Yes there are. | 
20 Q -- for example was there | 
24 a representative or representativesof Canadian Arctic 
22 Gas as part of the design group? 
23 A Nog 
24 | Q Were there representatives 

| 

25 | of the sponsor companies of Canadian Arctic Gas as | 
26, part of the design group? 

27 A cs think as I define design | 
28 group, it is that group Si ansehen GEngineering, | 
29 and its consultants that is supporting the parts of 

30 | the application that are listed here. 
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1 Q Now sir, Other than those | 

2 || items which we've touched upon, that is route supply, 

3 | delivery point, gas composition and volumes by years, 

4 ‘were the design group given any other input assumpt- 

5 | ions to wrk on? 

6 | A The decision as to the pipe 

71 Size was not made by ourselves, it was made by Canadian 

8 APeCEIC Gas’. 

9 | Q Who specifically told you | 
10° what the pipe size was to be? | 
ee | A They would have come to me | 
12 probably from Mr. Walker or Mr. Harvey, whoever was : 
13 | in charge of engineering at Canadian Arctic Gas. : 
14 |, Q Both senior officers of 
15 | Canadian Arctic Gas? 

16 | A Yes. | 
Lf Q Lesupposée, "Mr. Purcell, 

18 that with reference to the work that your group 

rg) does, there's a point in time when the design is | 
20 sufficiently firm that you can submit it to your 
Pah client for final approval and then go into the printing 
ae process? | 
23 A Yes. 

24 | Q And when was that point 

ele reached? 
36 | A You're speaking now about 
Zar fhe tapplication « material? | 
28 0 Yes. | 
ag A Mr. Gibbs, it went over | 
=e quite a period of time, the discussion on the 

















7 aA , rol is 
+} ae ba 
hs r) ht = aes 


7 
7 
eh ee 

























\ ia 
oad asd? tadee yale wor” cd : a i. 


viqgve sox er Gand uisge ibertouo ‘eo . 

, ov vod acm bow Des poektieodmon a6) as 

famvecs tugnd 29ftd YAR MmeVeR GeorP ms a os 

cae a0 ie ot ext ok. Te 

3 a8 nokeined efT A a a 7 a 
Bits : : 26w fi ,@evisease yd ebsm gon Baw oste 7 ch 
“250 oidoxk 
7 a 
‘ifien! ; +i Th 8) 


| ‘7 7 i 
st cary x Mao gotleaW ctM mow yldsdory 
2 
wee a LIox ww +6 poixzsenipas to Spxero nt ‘ES 
; i vi 
» easntic solves déos Q gtr, |e 


peo ofso vA ciekbsasd pet 


hese? . IM. ,.esosqve: J ) _ 
crn x isrid tank sdy oy sonerstex noiw terti 


HP odt verlw emit of iaiog s 2&' sitardtt .Re0b 7 i ie 
mous oe Woy teat mt? Paenely 


“os a po 
E J =P ) cane 7 q : 
Boy & ‘ . 


tagon 2508 eaw none bes ( Vig io 


vods wot pnidseqa on wey 





oe eas 


ALLWEST REPORTING LTD. Holmberg, Purcell, King, Koskimaki, 
ROP ASENE i hg: McMullen, Reid, Price, Rathje 


Cr, Exam. by Gibbs 























1 material that appeags in the application. 

a It would have commenced in 1973, 

3 and would not have been completed until shortly 

4 | before the applications were filed. 

5 Q Shortly before March of | % 
6 | 1974? 

| A Yes, Sir. | 

8 | Q Did you refer the whole | 
9 | package ye time for approval, or would it have 

ii been approved over the years bit by bit as some 
ni part was finalized for design? | 
12 | A It was reviewed section | 
13) by section. | 
14 | Q Prionitorthe printing 
5S process that resulted in Exhibit 54, were there any 
16) Changes made in your design by the client, or did 
17 | he accept each time your recommendations? | 
18 A UMcouldnbe: wrong, thut I 
bas think our designs were pretty much accepted, and 
20 | what most of the discussion centred about was the way 
ah to express them in the application, the words that | 
2p) went into the application. | 
23 | ; Q SoOmthnen, Mr. Purcell, | 

were 

24 | you / satisfied by March of 1974 that what appeared 
25) | in the application met the tests that you and I | 
26,| agreed would -- or the principle would apply to design, 
2a that you had designed the optimum pipeline system | 
28 | to be built and operated in the location given to | 
Ps, you by Mr. Dau, to transport the volumes of gas | 
30) | given to you by Mr. Horte of a composition | 
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ul which you worked out with the producers at a minimum 

2 || uni tcost2 

3 | A There were other consider- 

4 | ations that kept us in some cases away from the 

5 | minimum unit costs that are discussed in the applicat—_ 

| 

6 | ion. The one that comes to mind, of Course, 1S the 

2, 48 inch supply lines, where excess Capacity was pro- 

8 vided at a cost penalty, so that looping could be 

a deferred inthe event the gas volumes increased above 
io. the design levels. | 
2 MR. GIBBS: Mr. Commissioner, | 
hot I'm going to start referring now to a Map, SO it 
13 | might be a convenient time. | 
14 THE COMMISSIONER: Well, we're 
15 | Still in difficulty, but let*s adjourn anyway for a == 
16 | MR. GIBBS: I could continue, 
17 | if you prefer. | 
18 | THE COMMISSIONER: Oh, the ! 
19 | coitee is ready, well all right. | 
20 
oa (PROCEEDINGS ADJOURNED) 
22 | | 
23 | 
24 | 
25 | 
6.1 
ay 
28 | 
29 | 
30 
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1 

2 | (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT ) | 
| 

3 Me GISBSs2rO Could. Mra | 

4 Purcell be provided, please, with a copy of Exhibit 54? | 

5 Location, design and capacity of facility: Section 86> | 

6 | and cOnnecting pipeline Pacrlitiess-Ssection 9. 

7 | MiiNses@PURcuni? 1 have one) 

8 Sir. 

9 | Q Would you. first of ail 

10 turn to the map under tab 8-A, item 2, system map? 

11 A Veshi sii “They fi nsitt map? 

12 Q Yes, Lt's entitled: 

1.3 "Continental Delivery System, Arctic Gas Pipeline | 

14 | System," | 

15° A Yes sir. | 

16 Q ie sytheronivit= at's the | 

by first map under that tab. Do you have that? | 

18 A iheteley | 

L9 Q I'm going to quote some 

20 numbers to you, Mr. Purcell, just to give you a little 

21 comfort they're numbers taken out of exactly the same 

22 volume. They are taken from tab 1 under Section 8-B, 

Z3 table 1, projected average gas, average day gas 

24 volumes. | 

25 | A Yeo «sii iieseemrthat. 

26 | Q I have taken the liberty 

27 | of rounding them a little bit when I give them to you, 

28 | I haven't always included the decimals. Now, Sus 

29 | having in mind your principle of designing a system 

30 | to provide transport gas at minimum unit cost, starting 
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Purcell,King,Koskimaki,Holmberg 
McMullen,Price,Rathje,Reid 


| 
| 
Cross-Exam by Gibbs 


| 
at the northend you've already, I think, told me that 
the two 48-inch lines coming together at Travaillanée | 
Lake do not accomplish that PrincrpleVor transporting 


at minimum unit cost. | 


A Yes sir, that's stated 
in the application. | 
Q They don't meet that : 
principle: 
A Correct < 
Q Then from Travaillant Lake 


down to Caroline, you have a fifth year volume average 
day volume of 4.488 billion cubic Feet per day. Tf am | 
eats out the fuel. 

A Hivatl, Ss "correct. 

0) And you're going to 
carry that through a 48-inch .72 wall thickness pipe- 
line. 

A Yeomoi i. 

Q And will that meet the | 
Standard of providing minimum transportation costs for 


that section of the pipeline? 


A I believe it does. 





Q And if you were going 
to provide minimum unit cost of transportation for the 
two northern supply legs, what size of pipeline would 
you install there? 

A The 42-inch pipe size that 


i} 


is in the alternative application is a -- provides lower 





unit cost of transporting gas. 
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‘the entire system from Prudhoe Bay to the 49th 


McMullen,Price,Rathje,Reid 
Cross-Exam by Gbbs. 


Q Noweat Caroline, sir; 


Which I think is referred to as the Caroline bifurcation | 
point, at Caroline what you have in gas volumes is what 


-- are the volumes that came in at Travaillant Lake, | 





less the fuel consumed in the transportation process. 
A Thetis .conrect. | 
Q And >-tnatein ethe <f1f£th 

year is 4.264 billion cubic feet per day. 


A Yes sir. 





Q AndwateCaroline, six, 
that volume of 4.264 billion cubic feet per day is 
split into two equal portions. 

MR. MARSHALL: Mr. Eons seoneet 
i think with respect, that my learned friend is getting 
into an \area ‘that really pertains to the cencern of the 
National Energy Board, inasmuch as he's dealing with 
matters outside of the Territories and. inthe Province 
of Alberta. 

MR. GEBBS: (Well, Sirshere 


this panel, Mr. Purcell has told me that they designed 


Parallel, and that he did it to provide transportation 


ee eke 


of gas at.minimum‘’cost. Ithink I'm entitled to 


follow him down that system and determine how much of 





it was designed on that basis and how much of the 


design was imposed by his client. 





THE COMMISSIONER: Well, at the 
moment I'm not prepared to stop you, Mr. Gibbs. But 


that doesn't mean, Mr. Marshall, that you shouldn't 
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Purcell,King,Koskimaki ,Holmberg| 


McMullen,Price,Rathje,Reid 
Cross-Exam by Gibbs 


raise the objection again if youWwish tO.) 1 don’ © “eink 


we've really given Mr. Gibbs a chance to lay the 
groundwork for whatever he's coming to, and it seems 
to me it would stand to reason that we can't confine 
him to the area north of the 60th Parallel at all 
times. The considerations that he's concerned with 


as they affect the north, depend to some extent on 


what occurs south of the €0th Parallel... So Carry-On atc 


any rate for the time being, Mr. Gibbs. 
MR. GEPBs: “Thank you, Sir. 


Q Now that even split at 


the Caroline bifurcatimpoint, Mr. Purcell, was given 


EO you, by ‘the iclvent, was 1t net? 
A Yes sir. 


Q And that even split is 


intended to be carried south in one leg and south-east 


in the other in a®-inch outside diameter pipeline. 

A thats. COMLECL. 

Q And did you design that 
42-inch outside diameter pipeline, or was it given to 
you by the client? 

A The size of it was 
dictated by the client. 

Q Tne; sour, oOLng in the 


southerly direction, from Caroline, where the 42-inch 


pipeline reaches the Alberta-British @olumbia border at 


Coleman, of the volumes then carried, one billion 
cubic feet are taken out and into the Alberta Natural 


Gas “system, is it not? 


A Yes sir. 
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a Q But the 42 inch pipeline 
2 | continues across southeastern British Columbia, the 
3| 49th Parallel, carrying now only 1.126 billion cubic 
a feetha dayeinithe ficth years 
5 A that's fcormect< 
6 | Q And did you design that 
+ portion of 42 inch line from Coleman to Kingsgate, 
3) Or were you told to use that size by your client? 
9 A That pipe size was 
a | given to us by Canadian Arctic Gas. | 
ll Q Given -- if you were given | 
12 the task of designing that size pipe to eaery ilies 26 | 
13 billion cubic feet per day for that distance from | 
14 Coleman to Kingsgate, AE MLRIMuUM anit cost, I -take 
15 it you would not have used 42 inch pipeline? 
16 MR. MARSHALL: Well, Mr. | 
fe Commissioner, I think I must object to this line of | 
18 questioning once again. Mr. Gibbs will clearly have | 
19 |i an opportunity to pursue the area at a later date at 
20 the National Energy Board, to deal with the instruct- 
| 
ppal ions that were given by Arctic Gas with “KeSpect to | 
on sizing, the various delivery lines and so on. | 
23 Now, I appreciate your concern 
24 | that he be allowed to lay the groundwork for ie a 
25% Mr. Commissioner, but it's my respectful submission | 
26, that he's really getting into an area that does not | 
OF pertain to the subject matters that are before this 
28 | inquiry within the terms of the Order-in-Council. 
29 MR. GIBBS: Well, sir, the -- | 








THE COMMISSIONER: Excuse me, 
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Holmberg, Purcell, King, Koskimaki, 





sprees ieeiaee Cross-ixam by Gibbs °” Rethie 
| 

1 Mr. Gibbs. May I ask you a question? Earlier in 

2 | this hearing, you raised the likelihood of looping 

3 of the trunk pipeline in the Northwest Territories. 

4 | CO Pee 

5 ia ae Gai ee questions 

| are designed to get at the likelihood of looping 

* north of the 60th Parallel, that would have a bearing 

8 on the impact north of 60, and I'd be prepared to 

9 let you continue. | 
ee | I only mention that because I | 
1l| must say as you have proceeded, I thought you were | 
12 getting at that. If you're getting at something else, | 
13 | perhaps you might tell us now and we can consider | 
14 that. 

ies) MR. GIBBS: My friend has brought 
16 | this prestigious group of witnesses here to talk | 
17 | about design and capacity, and in their own prepared 
18 evidence, they say we designed the pipeline -- I | 
“BS can pread,. at: ito: you tus tito yefiresh your mind, sir, 
20 This is Mr. Purcell in his direct evidence. He says, | 
2h. "I established three major 
22) objectives for the design group". | 
23 And the third one is this: | 
24 "The sthird objective was that 

| 

25 | the pipeline systenshould be an optimum 
26. design so that it could be built and operated 

Pig | to transport gas at the minimum unit cost", 

28 and that system, of course, goes all the way from 

#25 Prudhoe Bay to the 49th Parallel as he has said. | 








And I want to show sir, that the 
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Cross-Exam by Gibbs 


amount of that system that was designed by this panel 
was restricted and was minimal, in fact restricted 
to the amount of Travaillant Lake to Caroline, 
and all the rest of it, sizing, was imposed by the 
plants and ’not by this group, and if we get to that 
point, then and my friend Mr. Marshall wants to pro- 
duce his client to explain why that system was 
imposed on this design group, then I'm prepared to alk, 
about it with him. | 

But in the meantime, I think I | 
am entitled, subject to your rutting , to estan lish ae 
this group didn't design the Capacity of this pipeline 
a Eealeles 

MR. MARSHALL: tT think Sir, what 
Mr. Gibbs is doing with his last question as I 
recollect it, was dealing with the DOrtron trom 
Caroline beyond to Kingsgate and asking the witness 
what he would have proposed himself with an objective 
of optimization of the design. I “think that's a 
very different thing from what Mr. Gibbs has 
indicated is his intent, 

Me GEBBss  Oheno, sir. #He'™s 
told me that the top two lines are 48 inch because 
he was told to make them 48 inch. 


THE COMMISSIONER: They don't | 





méet “his "eri teria! 
MR> GIBBS:- His criteria would 
be 42, he's told me that. Now I've got him down 


| 
the poitt from Caroline to Kingsgate and he's told me 
that the 42 is what he was told todo; "and "IT want to 





















lenaq skit? 1 entpnee 
besoizsee> toet ys 
,sabiozes , | tao 
ods \d hosogmd sew pitta 22 to desx ott a7 
jstd of top ow Ti Bas ,qv0tn wtdy ye, — + 


Aig oo betsqet mm. nect .qdorp apheab ase no ai 7 
‘sink nein : 
i dAtids FE \amicngem edt it Jee Ye 

Jere daiidste’ oo, onsiart asey Gd Goegdue belaiine: ms 
onefeqiq Shi Jo vibosqe» ett wpkeeb 47Gbib quoxp: —e on 
Dy o4 ths 5 3) 
jew . ure ~taidy I) si TAHEDAM ee ro, j 
foun notiestw deal, Sh aidw pateb wet eddipd .2M 
max? noliney, sit qtaw patel gew ah 4selfones. 
aP on. iw ots prikides. Otte ele oneal? ad bnoyed, enittoxs5~ = 
syigoardo a6 ritiw Blemeil Sasdeesq eved bluow en. tapw> 
ean! tei Aerie I siete ens) to esi ineiulpaeenens 
sad cugtlo Hw aadw.noxd paket Sneiettib yrev fb 

tasdnk abd et: “nae | | 
ofa. .Ség Om dO <298DO 2AM, Dp eleer: 
sedsped dont Bh axe penil owt god, emt gar . 
| font #8 mort exam 02 hos, 
3* ttob yet TTAMOLAAL MME BT, - ind iy 


bigow laa a hs 
paving mit or tara Pati 


or alae 


a . ‘ . ae) 





3784 


ALLWEST REPORTING LTD. Holmberg, Purcell, King, Koskimaki, 


BURN DAIBEY 92, HBC. 














McMullen, Price, Reid, Rathje 
Cross-Exam by Gibbs 


ask him what he thinks the appropriate size would be 
to meet his criteria of minimum transportation, and 
I propose to go over on the other side down to Mouncie 
and do the same thing, if I'm permitted to continue. 
MR. MARSHALL: Sir again it's 

my respectful submission that that line of questioning 
ought not to be pursued. The concern that this 
inquiry relates to, the impact of thepipeline within 
the Territories and the question of optimization of 
design south of the 60th parallel, in my submission, 


ought not to be dealt with by Mr. Gibbs and the 





panel, 

THE COMMISSIONER: Carry on, 
Mr. Gibbs. 

MRiseGIBBSr: 

Q Mr.) Purcell, «what, size 


line would you have installed’ between Coleman and 
Kingsgate to carry the 1.126 billion cubic feet per 
day? 

WITNESS PURCELL: 

A For the gas volumes shown 
in the application,I suspect that a 36 inch pipeline 
would provide lower transportation cost than the 42 
inch: | 

Q Yes),msiren) Thenest coming 


southeast from Caroline to Mouncie, Saskatchewan, 





you have another 42 inch pipeline? 
A nhatGisricorrect* 
Q Which at the fifth year 


volumes would meet your test of transportation of gas 
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Cxoss-Exam by Gibbs 


at minimum unit cost? 

















Ag 

5 A Yes, it does. 

3 Q Given the volumes that 

4 the client gave to you? 

5 A Phaiti.S. COMmmect.. 

é | Q Ana for that, leg, did you 

7 | design the 42 inch to fit the volumes, or were you 

g | given the volumes and the pipe size by the client? 

9 | A We were given the volumes 

10 | and the pipe sie and as the application states, we | 
1) located compressor stations so that the optimum 
12 volume could be achieved in that section of the pipe- 
13 | line. The optimum volume, I think the application | 
14 | Says is 2.7 billion cubic feet... .It'sslightly, higher 
is Ehonesthe 20.1 + billion athat is, sbeingy carnied. 
16 Q Well Min. Puncel1 ,. then 

te Gam we4~conclude. this »oxtion, by saying that .the 
18 design --insofar as the design is capacity, the 
19 system from Prudhoe Bay to the 49th parallel was 
20 given to you by yourclient? You wre told the pipe | 
a4. sizes to use from end to end? 
a9 A We were told the pipe | 
22 Sizes to use from end to end, yes. 
aA | Q them sium, .f you're .going | 
25 | to optimize or provide the minimum unit cost for | 
a the transportation of gas through the two northern | 
a7 supply lines, one from Prudhoe Bay and one from | 
28 Richards Island, you're going to end up carrying | 
29 through each of those supply lines, approximately | 
30 four and a half billion cubic feet per day, are you | 
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McMullen, Reid, Price, Rathje 
Cross-Exam by Gibbs 


nocs. 

A Each of the supply lines 
has that capacity. 

Q And operated at that 
Capacity would provide the minimum unit cost of trans- | 
portation? | 

A Thats correct. 

Q And when that point is 
Teached, 1h ever, are you nefethen forced to loop ‘the | 
section south of Travaillant Lake? 


A Mes ;psixr. 


Q Yes. And doyou have any 


advice to offer the inquiry on when that might occur? 

A We have received no 
instructions to proceed with plans for looping the 
pipeline south of Travaillant Lake JUncbion >} hor Sfor : 
that matter, for any of the segments of the pipeline 
system. 

Q Have you done any indepen- 
dent design work towards a looping program, regard- 
less of whether you have client's instructions or 
NOE? 

A We have in some cost 
Studies we have made, considered the effect of going | 


beyond the gas volumes shown in the book. For 





example, at one point we looked at the economics of 
a 42 inch alternative to the main line south of 

Traveillant Lake Junction, and to reach the same gas 
volumes it was necessary to loop that 42 inch line. | 


So some of our studies have 
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1| included it, but they have not been serious alter- 

2)| natives proposed by Canadian Arctic Gas. 

331 Q In your contacts with 

4 the producers in determining gas composition, did 

5 you give any -- pay any attention to the delaverabi la ty 
6 | from Prudhoe Bay and from the Beaufort Basin? 

7) A The ability of the fields 

8 to produce the gas? | 
9 Q Yes? | 
10 | A Novsi ry e«that iwasr outside | 
Nh the scope of Northern Engineering's work. That was | 
12 handled directly by .CaradivanvaArctic) Gas: | 
13 | Q You are not then able to | 
14 tell the Commissioner whether there is projected a | 
05 daily deliverability greater than the two and a 
16 quarter billion cubic feet per day through the Prud- 
7 hoe Bay and Richards Island supply line? 
18 | A i) Can tvspeak) to xthat, 
BOs: Mr. Gibbs. I think there is a volume that has been 
20 submitted that does cover that subject. 
PM ; @) And have you examined 
22 that volume? 
bse) : A iyMenglanced iat; act ~ethat.\s 
24 all. I haven't read it carefully and I ecexntaimiy 

25) can't support it. 
26. 

. | 
28 | 
29 
30 
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M4 at cRewan that sure isn't going to be needed if the gas 
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Purcell,King,Koskimaki,Holmberg| 
McMullen,Price,Rathje,Reid 
Cross-Exam by Gibbs | 
Q Mr. Puxcell, havewyou 
assumed or were you told by your client that the two 
decimal one one two billion cubic feet per day going 
south-east from Caroline to Mouncie would all GOrEco 
Ehe 49th Parallel? 
MR. MARSHALL: Mr. gan CER. 
I think here again we're getting into a question of 


the subject that is within the jurisdiction of the 


National Energy Board, and really has no bearing on 





thas vinguiry. 
MR: GIBBS%s Well;>o sir, there 


is something in excess of 100 miles of pipeline in Sask- 


goes into Trans-Canada Pipeline, and I was about to 


ask him about his sizing of that section. 
THE COMMISSIONER: Excuse me, 
Chem-—Mthiss isvither continental delivery system may ? 
MR IGLBBS :f Vesi«s ir, 
THE COMMISSIONER: Well, Le 


it ia designed to get at the question of looping -- 





is ie not? 

MR. GIBBS: No, it was getting 
back again to how much of this pipeline, what kind of 
a design he would put from Empress, Alberta, to 
Mouncie, Saskatchewan, if he were designing Lt Onsthe 
assumption that some portion eben went into the 
Trans-Canada Pipeline. But I don't need to pursue it, 
he's already agreed with me that the client told him 


what size of pipe to use. 





rirsi 14 emilegky to, extia O0L fe eesoxa ct poitsemoe ei | 
























oan im i tng tee 
 uoy evel pili), ae 3 tea uli 

out a sed tedfo uoy yd Bhos voy. ates 
sabe vad, ioe P02 outdo, apitiiad ows on . 
oF op LLs binow StonweM og oakfoxsd mox? 





onoi seine? (oa) HhISHZRAM JIM 
in MOLT een ofnmi paissep ‘Sot ow saan ered tani Be 
oly 49 nolspibeire} eft atediw ek gant al — r 


. 
HO prévesd of - yifsex bos ,biso0d ypusnd fi Din : 
: Lpitinpet aed ug 
eradt .xie ,ileW :2@atD: .aM shea aie le 
: 


aco Sut ti bebeen sd. od patop t’aebwexte ge ee ts bd 
oy  tweds den 2 Soe ,onklagre sbsasdeenszt ton e90p ‘Ve 
Moitose taf? to prisie aid’ auods sir oles | jar 

on ooyaxl :884O0L222MMOD. gkT — we &@)'! i 
cysm meteya, yweviteb, Issasntinop eng aii eins -~ ett bet 


-1h@ 2e¥ 3 SET .AM udag o- + _ Ve: 
1c {few siaMOTReIRNGD CHT eS | 94 om es 
-- of.goe! lo neaktesep eda te Jap oF benpiash ei ti | 


patidop €bw 2¢ ,o% :a8@io . 
+> Bnid sastw niloghe pidt to om siesta 4 
od \stued (A ,eeexemnd mont pharcobiiy sc 
sad co tt pntaplesb anew oA ble 
eit ogni saaw ats. re on 
21 eueIg oF boon Snob F Sug 
mish BLOF Ineiio oh) +d 





ALLWEST REPORTING L-TD. 3789 
BURNABY 2, 8.C. i 














Purcell ,King,Koskimaki,Holmberg. 
McMullen,Price,Rathje,Reid 
Cross-Exam by Gibbs 


| 


| 


Q Maa Purcell, can we. now 


turn to the gas composition portion of Exhibit 54, which 


iSiew think, jundeikt ab: (2) cabo cinder etab 8-B, pink tab 2: 





form and assumptions page 12. 
A Evhave it here, yes: sir. 
Q Eectaker toasins. that 
there is no way of saying at this point tinvtime, that 
the Prudhoe Bay and Richards Island gaS streams will 
be of the composition there shown. 


A They are the best estimate 





that can be made at this time of the composition. 
Q But in each case, Mr. | 


Purcell, does it not depend upon designing a processing 





plant? 
A I'm not an expert in 
these things, Mr. Gibbs. I thnk the primary variable 


would be the reservoinfluid composition.« Iv think the 


Characteristics of a gas plant are fairly well known 
by the gas producers. 
Q Nie Shisi-rs) butewouwand I 


have been involved in the industry long enough to know 





that. first. of all ‘the gas plant has got to be designed. 

A Mes> Sixty. 

Q And then 1 has to be 
aproved by some regulatory an thos ty. 

A i "m) note => dadon’t: know 
thats that "is, trueseI'11' take your word for) that: 

Q And then it has to be 


bwide. 
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Purcell,King,Koskimaki ,Holmberg. 
McMullen,Price,Rathje,Reid 
Cross-Exam by Gibbs 


A esr 
Q And in its design you can 
| 
vary the -- I think it's called the cut -- to determine 





how much of the gas composition will be liquids at 
atmospheric pressure. 

A You can operate a given 
gas plant at slightly different temperatures to achieve 
a different gas composition. 

QO Yes, so then the Prudhoe 
Bay gas stream, its ultimate composition will depend 
upon the configuration of the plant that's built there, 
and the conditions, if any, imposed upon its construc- | 
tion by regulatory authorities in Alaska, and the 
Operating temperatures and Operating procedures. 


A Yes sir. 





MR. MARSHALL: Well, Mr. Commis-| 


Sioner, this is clearly an area where the witness ee: 





have personal knowledge. Mr. Gibbs is Suggesting 
various regulatory authorities, unidentified, and he's 
not been specific on this point. The witness has 
indicated that he's not an expert in the Subject. 

MR. GIBBS: The .panel is 
Supposed to be able to talk about this portion of 
Exhibit 54, design and capacity. 

THE COMMISSIONER: The witness 


agreed with you. If it turns out he's not equipped 





to offer an answer, I'm certain that hell say so. 
MR. GIBBS: Q Now, Mr. Purcell, 


what I call the liquids content which -- by which I mean 
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Purcell,King,Koskimaki,Holmberg| 
MeMulien,Price,Rathje,Reid 
Cross-Exam by Gibbs 


the liquids which will become liquid at atmospheric 
presure, is considerably higher in the Prudhoe Bay gas 
tan it is in the Richards Island gas, is nc Heke er’: 


A Would you repeat the 





question? What is higher? 
Q The “liquid «content, | 
Perhaps), .Mr,. Purcell, WeSCOuULG “GO jt this wav. Am i 
correct in saying that the gas components which will 


become liquid at atmospheric pressure are the pentanes 





and the hexanes? 

A And heavier, yes. 

Q Bnd yen ay Ttehats fliqui d 
volume in Prudhoe Bay is about 22% higher than it is 
in Richards Island. | 

A According to my calcula- 
tions Lots, cin the case of Prudhoe Bay, .22 mole percent, 
and in the case of Richards’ Island, ..18 mole percent. 

Q And the difference is 
about 223. 

THE COMMISSIONER: An earlier 


witness, Mr. Purcell, an earlier witness, Mr. Bailey, 


said that the Mackenzie Delta Jaswwasy E thank -he 





called it, clean gas, and he said the Prudhoe Bay 
gas was -- and I think once again he said -- sour 
gas. Do those terms mean anything to you? 
A I think he said the 
Richards: Island gas’ was lean, %L=RoAeN. 
Q All right, lean and | 


sour. | 
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Purcell ,King,Koskimaki )Holmberg. 
McMullen,Price,Rathje,Reid 
Cross-Exam by Gibbs 


A No_Sir, neither of. these 
Cases 1S a sour gas J. 

Q Well? allerignt,>slean 
describes the gas in the Mackenzie Delta Cetearnly, 
Richards Island. Would there be any expression 
approximating the phrase "sour gas" that would apply 
to the Prudhoe Bay gas? 

A Both these gases would 
be catled sweet as opposed to sour. The Prudhoe Bay 
gas would be called rich as opposed to lean. It's 
primarily the components of ethane and propane and PUT 
that contribute to the extra heating value of the Pru- 


dhoe Bay gas. 





Q And Mr. Purcell. the 
reason why this is not sour gas is that fortunately 
there's no sulphur in it. 

A Yesesin, wvery. little. at 
sly 1gcheeys 

Q Wed lo mwsorney to | 
interrupt you, Mr. Gibbs, but just so I understand this, 
Iwish I had Mr. Bailey's evidence before me, but 


I got the impression -- maybe I shouldn't have -- that 





the Richards Island gas would not require to be processe 
to the same extent as the Prudhoe Bay gas to make it 
acceptable to Pro eee LS thats -—- does that make 
any sense to you, or have I simply misunderstood? 


A tT think they plan to 


process it. I think you may be right in that they will 





have fewer liquids to dispose of that cannot be carried 
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Purcell,King,Koskimaki ,Holmberg 


McMullen,Price,Rathje,Reid 
Cross-Exam by Gibbs 


by the gas pipeline. In the case of the Prudhoe 
Bay producers, those liquids that they can't use in 
the gas pipeline and they can't use for fuel, I under- 
stand they are able to accommodate in their oil pipe- 
line. 

MReGLBEBSe7O Mr. Purcell. the 
higher liquid content in the Prudhoe Bay gas is of 
piguiiacance, 1sait not, if the pipeline goes through 
a decompression phase, if the pressure drops in the 
pipeline? 

A The composition of the 
gas affects the way it decompresses. 

Q Yes @sim and. M¥f it decom-— 
presses down to atmospheric pressure, the liquids 
drop out of the gaseous stage and become Liquid an ‘the 
lower portions of the pipeline. 

A I suspect there would 
be some liquid in the pipeline if it was completely 
decompressed. 

Q Well? isin, 2 ‘am advised 
that if a fracture occurred in that Prudhoe Bay section, 
the section west of Travaillant Lake, and there was 
a rapid decompression as a result, you could get in 
the 45 or 55 -- 50 miles between compressor stations, 
a dropout of as much as 1,000 barrels of laquid., Do 
you agree or disagree? 

A I have no information to 
agree or disagree. 


Q Does anyone on the pael 
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kaow anything about that? 
WITNESS KING: I would 
Suggest that many of these liquids, the pentanes and 


hexanes that you talk abmt, would evaporate along with 





the methane. There's afamily similarity between these 


Substances and in a mixture of natural gases, the 





methane enables the pentane and hexanes to evaporate. 
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l Q But whether or not they | 

2 | evaporate or become liquids in the lower parts of 

3 the pipelines, depends, does it not, on the rate of | 

4 | decompression and the temperature and other factors 

5 Ofmthatesore? 

é | A Inv,our studies of the 

7| phase envelopes of these gases, at atmospheric 

there are no 

8 conditions / liquids at atmospheric pressures 

9 and atmospheric temperatures; there are no liquids | 
10 which remain after decompression. | 
el Q Would you repeat that? 
1? A Maybe some explanation 
13 | might help. If you have pure hexane, it will be a 
14 liquid at atmospheric conditions. If you have a 

15 | mixture of methane and hexane, the mixture will be 
LG a gas at atmospheric conditions. 
17 | THE COMMISSIONER: I see. 
18 A For example, water is 
5 normally a liquid at atmospheric conditions, and | 
20 yet in this roomvw have many gallons of water 
a7 entrained as a gas in atmosphere, and yet we have 
oy, nowLree Aiquid. 
23 THE COMMISSIONER: Well, Mr. | 
24 Gibbs' suggestion to you then, Is 1 take it that at | 
25 atmospheric pressure the pentanes and hexanes will | 
26. a aeey angthat , rupture in the Prudhoe Bay leg of 
27 this pipeline would drop out of the pipeline in the 
28 form of liquids? | 
29 If they did, «what swould ‘their 

30 properties be? Is it just like a thousand barrels of 
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2 water or 15 it) toxic?g What}ispthisy likelyntosresult 

2 in,;*if it "did occur, and I appreciate that you deny 

ce the suggestion made by Mr.Gibbs that it would be 

4 jikelve tonoecurh: 

5 A They would have an appear- 

6 | ance? ofa iveryolightroil, extremely daght; oil. 

+ | Q With the same properties? 

8 | A Similar properties, yes. 

a The other thing that I would 

10 | like: to point out is that the, two gases in question 
sae, have very similar chara teristics, very similar 
1) quantities of the heavier components. For instance, 
23 =-"an fact, the Richards Island. Gas.is slightly 
14 |i richer in hexanes and hectanes. It's very hard to 
es | distinguish between these two gases in heavy compon- | 
| ents. 
| MR. GIBBS: 
18 Q Well sir, is’ it your evi- 
19 dence that there will not be a liquid drop-out if | 
20 there is decompression in any portion of that 
aT pipeline? 
22 | A There could be small | 
BY amounts of liquid drop-out, but certainly not the | 
24 | quantities which you talk about. eee ef at swould | 
a be carried into the atmosphere by the methane gas. 
26, Q And what quantities do | 
ae youosuggesthmightrdrop,out lin the 50 mile section | 
28 | between compressor stations? 
29 | A I was suggesting that | 
30 there would be none at all, sir. | 

— | 
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Cr. Exam. by Gibbs 


Q There would be nome at all? 
A INO 4 SLY. 
Q Under any decompression 


circumstances there would be no liquid drop-out? 

A At extremely low temperaturés 
there may be some liquids roreainiieine Pipeline, sir. 

Q And by that do you mean 
in the permafrost areas? 


A The temperatures which may 


occur after decompression. The liquids will contan 


a large amount of methane, and I would expect them to 
evaporate when the pipeline returns to the atmospheric 
temperature and atmospheric pressures, that all the 


liquids would evaporate. 


Q Atmospheric pressure mean- 
ing the -- what do they call it, the ambient pressure? 

A Yes, 14.7 pounds per square) 
inch, | 

Q [*mesorry;*temperature ? 

A Say around=-30 or 40 degrees, 

Q And that's your evidence, 


that we needn't concern ourselves with liquid drop-out | 


if there is a decompression in any of those sections? 





A that's correct? «sir 


Q Alveright? Now «sir, ‘on 


the same page there is a comparison of heating values, | 
Do you see that, Mr. Purcell? 

WITMESS PURCELL: | 
| 


A Yes, sir. 


Q And the heating value of the 
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Prudhoe Bay gas is approximately 10 percent greater 
than the Richards Island gas? 

A Liathc.COLTeECt.. 

@) And that's partly what's 
meant by saying that the Prudhoe Bay gas is richer? 

A WES pe Sire 

QO And do you incorporate any- 
thing in your design to enable calculation of the 
precise difference in heating value for compensation 
purposes? 

A In terms of delivering the 
gas at the end of the pipeline? 

Q Yes. 

MR. MARSHALL: WELL, Mr. 
Commissioner, I think this gets into an area of 
establishing the tariffs and so on, and again it's 
an area that would involve others in the Arctic Gas 
organization, and perhaps another forum. 

MR. GIBBS: Well sir, the query 
that when the gas is mixed, the Canadian gas ends up 
about five percent richer than when it was not arene 
and clearly if you are going to buy and sell on a BTU 
basis you're going to have to pay for it, because 


youre wetting: anbetter cubic foot. of,gas. , And. I 





am merely asking whether he put anything into his | 
design to measure that at the delivery point, so you ! 
can determine the heating values there. | 
THE COMMISSIONER: TP enank ih at 
Mr. Marshall's objection was not on the grounds of 


relevancy, but simply of the ground that these | 
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witnesses weren't qualified to deal with the issue. 

MR. MARSHALL: Strictly from a 
design point of view as to whether such -- something 
has been incorporated within the design, the witnesses 
can answer that, sir. Going beyond that point, though, ° 


I think I would have to raise an objection again. 


THE COMMISSIONER: Well I think 
that you are entitled to carry “ony Mr 7 Gibbs fe0As C£ar 
as the knowledge of these witnesses will allow, and | 
zs | 
MR. GIBBS: Well that was my | 
sole question, is whether he incorporated anything 
into the design so that these can be measured and 
appropriate compensation determined. 


IN Our measurement stations 


provide facilities to measure the heating value of 


i 
| 


the gas, so that adjustments of that.nature could be 
made, 
QO And are these measurements 


done at each compressor, or at specified points on the 


line? 





A They're I think described 
in the application. There would be two -- there | 
would be a measurement station at each point the | 
pipeline receives gas. | 

Q Okay. | 

A There would be another 
one near the Alberta/Yukon border, because you're 


transferring gas from one company to another. 
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Cr. Exam. by Gibbs 


Q Ailberta/B.Cs border: 

A Ivm sonny, tthe’ Alaska 
and Yukon border. And there would be a measurement 
station at each point of gas de livery en We! don't 
contemplate a full measurement station at each 
compressor station. 

Q Thank you. Would you turn 
now back to your prepared evidence again, sir, and 
particularly to page 5. And I direct your attention 
to the second last sentence which is the second of 
your major objectives. You began that paragraph by 
Saying, 

"I established three major 


fhe 
objectives for ‘design group," 


and the second was that present day technology should 
be used, 

“We were not to consider 

in the design, future technological alvances 
which might take place". 

And am We wight Aciri nin assuming 
that you would adhere to that objective throughout 
the whole of your design? 

A I believe we have. 

Q And you're satisfiedas 
you sit there, that only present day technology has 
been used in your design? 

A Yess, six: 

QO Would you define for me, 


sir, your understanding of the words "present day 
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technology"? 
A It refers to materials 
that for example could be purchased today. Purchase 
orders could be placed for the equipment that is 
proposed today. And pipe mills or other manufacturing) 
facilities could produce these components. 
Q Technology then in your 
concept refers to the ingredients of the equipment? 


! 
A The ingredients and the | 


manufacturing processes and so forth. 





Q Does it have any geographic! 

connotation? | 
A I don't understand. : 
Q Well Lf you ‘read ina 


Russian magazine that they were using some technique 
in Russia that had not been used here, would you call 


that present day technology? 


A Yes; -L thik 1. would. 

Q Even though you might not 
have access to it? 

A We would not incorporate it | 


in the designs if we were not familiar With 2t and 
would not have access .to it. 

Q Myd take it that in your 
design work you have not incorporated anything that 
you have not had access to? 

A Not to my knowledge. 

Q PE right, sar. Now, I 
am about to suggest to you some features that to me 


at least don't seem to be in accordance with your 
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Cr. Exam. by Gibbs 


l present day technology test. Is there anywhere, 
2 sir, in North America to start with, where 48 inch 
outside diameter pipe is being used to transport 


4 natural gas? 
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A CREM MOL, 


ME a GLpDS. 

Q Is there anywhere in 
North America, sir, where pipe with a wall thickness of 
-720 inches is being used to transport natural gas? 

A Not aS a mainline. Such 
pipe would exist today in compressor stations. 

Q Is there anywhere in 
North American where a natural gas pipeline is operating 
at a pressure of 1,680 pounds per square inch gauge? 

A [othinktagain nottfor 
a natural gas transmission pipeline, but such facilities | 


do exist at gas processing plants. Pressures much 





higher than that are common. 

Q Then wouldn't you agree 
with me then, sir, that those three items at least 
are not present-day technology? 

A NOWSi CAME wouldendt. 

Q Al Barigne. Wihenyl task 
you to consider the combination of four items, 48-inch 
outside diameter,grade 70, .720 inch wall thickness, 


at 1,680 pounds per square inch gauge and ask you if 





that package is not new technology? 

A There Vis not @ pipeline 
today that has those characteristics, that's why we've 
spent five years studying the project to be sure that 
it's a good design. 


Q And doesn't present-day 





technology also have incorporated in it an experience 
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Cross-Exam by Gibbs 
| 
. PaCrors, | 
3 | A Yes. 
4 Q And there is no experience. 
5 with that combination in North America, or even in the | 
6 world, is there? | 
7 A There again, there is to 
8 | my knowledge no pipeline of this size in the world. 
9 Q Or of that package 
10 combination of diameter, thickness, grade and pressure. 
Ad A Thats COrrect.. 
12 THE COMMISSIONER: Is that the 
1.3 grade of steel? | 
14 A Ves sry 
15 MR. “GLBBS: #°O"so"that-your, 
16 Pie eb eCanerc a lel 1. td package again,is not present-day | 
7 Cechnology:. ts. 1t ? | 
18 A The intent of that state- 
Lg ment, Mr. Gibbs, was that when we came before Mr. 
20 Berger or if we can before the National Energy Board 
re? we would be able’ to demonstrate that we could get pipe 
22 of this size and we would be able to demonstrate that 
23 we: anticipated any problems that could arise because 
24 of themscare of this project. That's what I meant 
25 | when I wrote that down. 
26+ Q You didn't -- 
28 A I didn't mean that we 
28 had to follow something that had already been built. 
29 There is no precedent for a pipeline of this length 
30 in permafrost to start with, it wouldn't have been 
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McMullen,Price,Rathje,Reid 
Cross-Exam by Gibbs 


possible. 

Q Oh yes, but we're not 
talking about length in permafrost now, we're talking 
about wall thickness, diameter, and operating pressure 
and grade. You, — wake: at, ‘didnt mean, in, vir words, 
“present-day technology" that it wasn't something new. 

A No, I agree with you that 
thus ,isia new combination of factors for.a pipeline. 

Q And a new combination of 
factors for a pipeline anywhere in the world. 

PP eee eso ame Waee 

Q Now Sir, .<can you. turn .to 
page 23 of your prepared evidence. You talk about your 
fracture arresting techniques. On page 22 at the 
bottom yau said that: 

"The fracture arrest behaviour of the proposed 
mainline pipe at the designed temperature and 
pressure cannot be consistently predicted by 
the Battelle hypothesis." 

A Teva. 

Q And then on the top of 
Page ues; you say: 

"Therefore our design is based on adding 
mechanueal reinforcing bands or similar . 
devices at suitable spacings along the pipeline 
Lo assure control over the length of «a possible 
fracture. Three separate tests were made to 
show that reinforcing bands can be used in the 


remote event of a frac ture, £O Control .the 
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Lengcehnor che “fracture.." 
Firstly,sir, will you describe for the Commissioner 
the size and shape and configuration md composition of 


the’ arresting band or reinforcing bands you talk about? 


A We have several alternative 


available to us. 

Q Bouut before you describe 
all those alternatives, have yoyinade a choice that 
you're going to use in this pipe? 

A We know of one design 
-- the one that has been tested -- that we would be 
able to use if we had to start today. The program, I 
think, is to optimize that design and perhaps improve 
pon ty 

Q The word "optimize", Mr. 
Purcell, when you use that you mean more efficient? 

A More efficient in the 
sense, yes, of working better and perhaps being more 
economical. 

Q Will you then describe 
the one that you would use were you building the pipelin 
today? 

A thesreinforeing band “that 
we've tested was made of a piece of 48-inch pipe just 
the same as the line pipe . Lease ool in halt. ae 
was put on top of the pipe, the ends didn't join, 
obviously, so straps were welded over the gaps in these 
two halves. 


(0) How long is the band? 


Purcell,King,Koskimaki ,Holmberg 
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McMullen,Price, Rathje,Reid 

Cross-Exam by Gibbs 

A I believe the ones that 
have been tested were four feet long. 


Q And is that the length 


you will be using, were you building the pipeline 





today? 

A That, Pen ink so7 ves, | 

Q And they are three-quarter$ 
Of an inch thick? Or 0.72 inches thick? 

A Thats secorrect, 

Q And under operating 
conditions how would you install them, by the welded 
band you've @scribed, or would they be shrunk over the 


pipe, or how would you wut them on? 


A My view is that they would, 





be installed in a shop, they would not be installed in 
the field. I believe that they would be installed at 
a location where we were perhaps double-jointing the 
pipe. | 

Q And would they then be 


sort of heat-shrunk onto the pipeline, or welded on, or 





how do you fasten to the pipe? 





A They would probably be 
fastened to the pipeline by friction. They would be 
strapped down tight over the pipe and welded to them- 
selves. 


Q And would I be in the 





right range to suggest that if you use those 4-foot 
lengths, that each one of those will weigh approxi- 


mately one ton? 
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Cross-exam by Gibbs 


A PT ehnank so, yes. No; 
they wouldn't either, they would weigh 1,000 pounds, 
I believe. hy 

Q Haliea ton: | 

A Wear 

Q And in what areas of the 
pipeline system from Prudhoe Bay to the 60th Parallel 
would you intend to install the arresting bands? 

A i chiink Le we had to 
build the pipeline today we would install them on the 
entire pipeline. 


Q And at what frequency, 





| 


what distance between each band? 
A That hasn't been deter- 
mined, Mr. Gibbs. My guess would be it would be some- 


| 
thing like a 300-foot spacing. | 
| 


Q That must add pa aa 
to the capital cost of your pipeline, doesn't it? 

A NOSir, tess Very 
insignificant. 

Q re as © | 

A Yes 


Q i evan. NOW TS ir 4 che 
purpose of those bands is to stop fractures which run 
lengthwise in the pipe. 

A To be absolutely sure that 
they stop, yes. 


Q And have those arresting 





bands been used in any existing pipeline system in 
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| 


North America? | 

A No sir, Ithink we're just | 
today reaching the point in pipeline design that it's ; 
becoming apparent that they're necessary. | 

Q Butewe Canwat thisspoint 
in time say that there's no experience in the use of 
those bands, under operating conditions 0 arrest 
FaAcCtors:. 

A LI didn't hear thet last 
Dare, Matt Gibbs. 

Q That there is no exper- 
ience in the use of those bands under Operating condi- | 
tions to arrest these longitudinal fractures. 

A For an operating | 
pipeline, no. There have only been the full-scale 
tests that we conducted. 


QO Now, where were your three 





separate tests conducted, Mr. Purcell? 
A They were conducted at 
Batelle's facilities in Athens, Ohio. 


Q And when were they 





conducted? 

WITNESS HOLMBERG: These tests 
have been conducted over approximately the last year 
or 18 months. 

Q That's the three that 
are referred to in the prepared evidence? 


A Yes. 
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Cross-Exam by Gibbs | 


2 Q On three separate occasions 





3 Over the last approximately 18 months or so. 
4 A Ves. 
5 Q And were they conducted 


6 | under the supervision of Arctic Gas, or the Battelle 





7 | Institute, or a combination of both? 

8 | A Combination of both. 
9 Q And in the case of each 
10 test, were they conducted under simulated Operating 
dail conditions? 


ag A Simulated pressures, yes. 
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BRAY 2 Pos Cr. Exam. by Gibbs 
7 Q Simulated inside pressures? | 
2 A Simulated high pressures, 
e yes. 
4 Q But not simulated outside 
5 pressures, not buried in frozen ground,for example? 
6 | A The pipe was buried, but 
7| not in frozen ground. The last test was made in 
3 | frozen -- at low temperatures at which the ground was 
9 partrahkly efrozen? | 
10 | Q Was the fracture initiated | 
22 in the same way in each case? | 
12 A Initiated? | 
13.) a Yes? 
14 A Yes). 
15 | Q How? 
16 A This was initiatedby 
i Be, cutting a notch of a predetermined size in the pipe, 
18 and then by an explosive, the small section at the 
19 root of the notch was overstressed, causing the pipes | 
20 to rupture. 
24 Q Well, meaning it cracked? 
2 A That Ssisr igh ti 
23 Q In each case was the same 
24 | length of test section used? 
25 A essentially the same 
26 | lengths. There was some variations due to variations 
vA) in pipe lengths. 
28 Q Yes, Sir. —Bute-cin each | 
29 case it was roughly 800 feet? 
30 | A I believe that's correct. 
——| 
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i Q And in each case was the 

2 | same pipe specs -- pipe of the same specifications 

3 used as is going to be used,as you propose to use in 

4 the Arctic Gas system? 

5 A The tests were made using 

6 | several different combinations of pipe available 

3] from different mills to obtain information on the 

cm effectiveness of the arrestors and also obtain other 

9 information on fracture speeds, fracture propagation 
10 characteristics of these different pipes. But they 
VI were all made on pipe of types that are being cons- | 
12 idered for use in the project. | 
13 | Q Well they were all 48 | 
14 | inch, decimal 720 grade 7B -- 
eS A Yes. 

16 Q —reand@a iinofithat 

| character? | 
18 A Yes. : 
19 | Q What was used to build up | 
20 the pressure inside. 
2y A Gas, natural gas. 
22 Q And was it gas of the | 
23 composition which we discussed earlier fy the peuadhoan 
24 Bay and the Richards Island stream? 
2 - A Several different gas | 
26 | compositions were used in the tests, including gas : 
PG) compositions comparable to those that will be | 
28 obtained from Prudhoe Bay. : 
29 Q And how far apart were | 
30 the arresting bands on each of the three test cases? | 

ed 
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1 A The -- this test is made 

2 by initiating a fracture, the fracture propagates in 

3 | Opposite directions, and -- 

4 Q In both directions at once? 

5 A Thats sight. 

6 | And I have the information 

7! available, but I have to go from memory, but I pares! 

8 | the fractures propagated in opposite directions 

9 approximately 40 to 50 feet before they reach the 

10 band. ! 
ane Q Dori take it then, sir, | 
12 | that in each case the arresting bands were in excess ! 
13 of 100 feet apart? | 
14 A Yes. | 
15 Q And in each case | 
1G did the fractures run right to the bands? 

T7 A No, «they. did mot }in .all 
18 eSts) | 
19 However, there have been three 
20 instances where the arrestors did stop propagating 
aN cracks. 
20 Q But in these three tests, | 
23 Dx, Holmberg -- | 
24 | A et * SiMe. 2 | 
25) Q we Mr, -Holmberg ,nisn' t.at | 
26. so that in only one case the fracture reached the | 
Zi arresting band? , 
28 A I don't believe that's | 
29 correct. I'd have to review my notes and the data | 

30] on the test. | 
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Q And are those handto you 
at this) point? 
A It will take me a little 


time to locate that LNEOEMACLON. - 8T Rave it here, but 


Q How much is a little time? 
A Possibly five or 10 minutes, 
Q Weli@sir;*perhaps I can 


go on to some other questions while you do it. I do 

want to deal with these during the course of this | 
interchange, | 
A I'm sorry, I -- did you | 
address something to me? I didn't hear. | 

Q I was sort of addressing 
it to the Commissioner and to you. 

THE COMMISSIONER: Is it 
possible for you to find that reference to the tests 
now;,-over the next 5, 10) 15 minutes? 

A IMA ‘see err *’can. 

THE COMMISSIONER: Well you do 
that *samy "and Mr. Gibbs’ will ask qMestaons, Of your 
colleagues and we will just Carty, rignt, on. | 


MR. GIBBS: 


Q Mr Purcell, wiil you 
turn to your prepared evidence at Page 25) ana 1 “am 
interested in the question in the middle of the page, 
Have you satisfied yourself that steels suitable for 
this pipeline are commercially available? To which 


ou answered "yes", 
vi, 
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L| WITNESS PURCELL: | 
2 | A That's correct. : 
11 Q Can you define for me, 
4 your understanding of the word "commercially"? 
5 A Well by that I mean it's 
6 | available in the quantities that ‘we require and at a 
4) price that we can afford. 
8 | Q At this time? 
sn A Yes’, “Sir. | 
lo | Q Given a reasonable lead 
ll Gime of -= | 
12 | A Given time to place orders | 
13 | and time for the steel mill to get ready. | 
14 | Q Five or six months? 
15 | A I think a year might be 
Ae more appropriate. , | 
17 Q And when they talk about 
18 steel suitable for this pipeline, that .is plate 40 
19 feet long and twelve and a half feet wide and decimal 
20 720 inches thick, and the chemical composition that 
pAb you require? 
22 A Yes. | 
23 r Q Where is it available | 
a commercially, sir? | 
255 | A The pipe can be made in 
26, Canada, it can be made by one pipe mill in Canada, 
2 48 inch pipe. It can be made by four pipe mills in 
28 Japan, one pipe mill in Germany, and one pipe mill 
29 in. taly, : 
30 Q And in each of those cases | 
| | 
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1] you could obtain that pipe commercially and you expect 
2 | about a one Pe ae on order? 

| A Les. 

4 Q And you referred to one 

5 pipe mill in Canada, and that's.Stelco? 

6 | A Yes sir, 

i THE COMMISSONER: Sorry, what 

g was that? 

9 A Stelco, the Steel Company 
fe of Canada. 

ll THE. COMMISSIONER: Stelco. 
12 MR. GIBBS: 
13 Q Moundersitand sir, that on 
14 | terms of reliability is somewhat less reliable than 
15 | the pipe which is made offshore in Japan or Germany 
16 | Otna tally: 
| A L.don th understand that, 
18 Q Well sir, I asked for 
19 -- when I saw tha question -- some education on the 
20 availability of this kind of pipe, and I am just 
a going to read you a little bit of information that 
39 was passed to me for my education, and ask you if 
273 you agree with it. 
24 MR. MARSHALL: Ls this. a, report 
25 that. you're. referring to? | I. wonder if you could 
26. pmOv ds ~this some. instructions from your client? 
99 MR wtSLBBS:e sNo,. L'm just going | 
28 to read him what I'm told and see if he agrees or 
29 disagrees. 
30 And this is a purported grading 
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of pipe manufacturers with future Capability» in’sort 
of order, of priority, andoI!m told’ that\in the first 
order,Mannesman, Nippon Steel and Sumitomo, and those 
are one German and two Japanese outfits. 
THE COMMISSIONER: Excuse me, 

Mr. Gibbs, can I ask you, does this relate to the 
quality of the pipe produced in these mills, or does 
it relate to their reliability“so*far ‘as their 
Capacity to deliver on schedule is concerned, or what?| 

MR. GIBBS:No, not delivery, the 


actual making of the steel and the rolling it into 


pipe. 





And number 1 it says Mannesman, | 
Nippon Steel and Sumitomo were all judged equally 
Capable of presently supplying controlled rolled 
line pipe meeting our specification requirements, 
and that would still be the case would it? 

A That would be true in my 
Opinion. 

Q insyour opinion. ‘The 
second one says Italside, I-t-a-l-s-i-d-er, and 


thats! Dtalian, wi ttake sit? 


i 
i} 





A Yes, Sir, 
“ | 


@) Has indicated the capability 


of producing line pipe to the requirements of our 





specification, however the lack of experience this 


company has in the production of high toughness line 


pipe and the limited amount of production data avail- | 
able, results in them being judged fourth best in | 


production capability. Would you agree with that? 
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A I would like to ask Mr. 
Holmberg. I think he's more familiar with the various 
Pipe mills than I am. 

MR. GIBBS: I am sorry. 

I didn't want to interrupt him in his search. 

MR. MARSHALL: Mr. Commissioner, 
Mr. Holmberg I think is interested in these subject 
areas, and he's unable to search through his material 


to find the data that had been requested by. Mr. Gibbs.| 
| 


Further, with respect to this 
line of questioning being pursued by Mr. Gibbs, I 
might ask whether he is giving evidence or he is 
quoting from a report or what. It seems to me fair 
to have him identify what it is he is reading from at 
some length, 

THE COMMISSIONER: He's entitled 
to say, my instructions are that these companies 
should be rated on this basis, one, two, three, four. 

Now, he really isn't obliged 
to go any further than that. 


MR oS .MARSHALL: » That's. fine, if 





we arendealing with his instructions, sir. Pda te 
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Purcell,King,Koskimaki ,Holmberg 


McMullen,Price,Rathje,Reid 
Cross-Exam by Gibbs 


MR. GIBBS: 
Q fe wonders sar, af Dnt 


Holmberg has got any further in getting to his test 
material? I don't want to interrupt him but I have two 
lines of questions now tlat are waiting. 

THE COMMISSIONER: Well, I 

needed 
think Mr. Holmberg, if you are / on this current 
line of questioning, you might aswell give up the 
search for the test data for the moment. I think to 
be fair to Mr. Purcell that should be done. 

Ves, Mez Scott? 

MR wSCOMT:: Woulds it help. te 
take five minutes, and Mr. Gibbs has now got onto two 
lines of questioning, both of which seem to require 
the same witness. 

THE COMMISSIONER: ‘Dual lines 
of questioning. 

MR. SCOTT: Dual» lines: 


Twin lines. 





THE COMMISSIONER: We'll take 4 


five minute break then, and you can do what you 
Can. 
(PROCEEDINGS ADJOURNED FOR PLYVEA MINUTES) 


(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 


MR. MARSHALL: Mr. Commissioner, 


I believe Mr. Holmberg has found the data pertaining 


EOREWOR OL eishertesciks. EE that would be of assistance 


towMr..Gibbs we, couldehaverit now; ifehe'd)rather 
wait until he's got the information on all three 


tests, I'm afraid we'll have to wait till tomorrow, 
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McMullen, Price,Rathje,Reid 
Cross-Exam by Gibbs 


or allow Mr. Holmberg a few more minutes to do some 


more work. 


MR. GIBBS:)1 -prefernto haverkt 


tomorrow, sir, if it's going to take that, and continue 


with the line I'm on now. 
Q tienywis.? Purcell; -the 
report,I have goes on to say that 
AN eKeky' 
that's a Japanese firm, is it not? 
A Yes sir. 
Q 
"-- was judged least capable of the mills in 
this grouping and they took exception to 
several mapr areas of the specifications." 
Would you agree ‘that that ts still the case? 
A What's the date of your 
reportyiMrerGibbs?2 
Q AprilvoG41973, sir. 
A Again /I“delike.to defer 
to Mr. Holmberg. 
WITNESS HOLMBERG: I‘!m not 
Sure exactly what your question is, I'm sorry. 


Q Well, I had told, while 


you were searching there ,that Mr. Purcell that I asked 


and 
for fad a report listing in order, not priorities, 


Suitability of the available pipe manufacturers of 


the steel which Mr. Purcell said is commercially avail- 


able, and that in order of -- for want of a better 


word, priority, I suppose one might say reliability or 


Purcell ,King,Koskimaki,Holmberg 
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BURNABY 2, 8.C. ; ; ; 
Purcell, King,Koskimaki,Holmberg 

McMullen,Price,Rathje, Reid 
Cross-Exam by Gibbs 
i } 
4 | 
| 
“| something of that nature they occurred first | 
3 | category was Mannesman, Nippon Steel and Sumitomo. 
: MR. MARSHALL: Mr. Commissioner, , 
>| I hesitate to make a pest of myself on this POiNntebut | 
6| it seems to me that Mr. Gibbs is referring to a report | 


7 Of ApGil 19/3, [fhe Ss putting sorwvard. an expert's 
8 Opinion and he's asking the witnesses whether or not 
9 they agree with it, it seems to me the expert being 


10 | quoted ought to be identified so that they'll know what 





11 they are dealing with. On the other hand, if it 


represents instructions he has from his client, I 





13 quite agree that provided it's put forward on this 
14 basis there is no objection to the line of questioning. 
15 I would just like the point clarified by Mr. Gibbs. | 








16 MR. GIBBS: Well sir, in my | 
17 | Submission I am entitled to put to these witnesses | 
18 this category of preference. If they disagree they will | 
19 say so. If they agree they will say so. | 
2 THE COMMISSIONER: Well, I | 
2} think that you are entitled to do that, Mr. Gibbs. 
og But you have gone beyond simply saying to the witness, 
23 © ePUeei te to vou that: 2n. .nderuer reliability these 
rh firms ought to be rated No. 1, No, 2, and so on." You | 
Pid have now said, "I have a report," and you're really 
“6. in a sense stacking that.report up against the opinion 
ay ofMr. Purcell and his colleague, Mr. Holmberg, and I 
22 maybe in somewhat a different position now that you've 
a! gone that far. 

i MR. GIBBS: Well, sir I didn't 

| 
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Purcell,King,Koskimaki,Holmberg | 
McMullen, Price,Rathje,Reid | 
Cross-Exam by Gibbs 
think my friend would really want it marked as an 
exhibit, and I'm quite prepared to tell him what it 


is. it's the Minutes ofvithe Sub-Committee of the | 





Metad burgyr Sub-Committee, for: April. 19:73. of which | 
Dr. Holmberg at least was a member. Certainly those 
are within his possession as well as within mine. 

MR. SCOTT: Perhaps now that | 
it has been referred to it had better be marked as an 
exhibit. 

MR. GIBBS: What I have is : 
just an excerpt. I will get the full set of Minutes 
and: haventhem brought: up, if thatsis your direction, 
SiGe 

THE COMMISSIONER: Yes, subject 
to any objection you may have, Mr. Marshall. 

MR. MARSHALL: It's a document 
that Mr. Gibbs has in his possession and wishes to put 


in as. an exhibit. 


Mir GEBBSE4 NO, « 14 don’t wish to 





put it in. It was suggested by Mr. Scott that it go 
reat 

THE COMMISSIONER: Well, Mr. 
Scott suggested that it ought to be marked as an exhibitl. 
T,agree, so; that. I,.am directing that.Mr.) Gibbs produce 
a copy, and he says he will, and when he has produced 
it, I will direct that it be marked. Sos asadd savy 
subject to any objection that you may have, since it's 


a document originating, I take it,with your client, 





Orawith Arctic Gas. 
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Purcell,King,Koskimaki ,Holmberg 
McMullen,Price,Rathje,Reid | 
Cross-Exam by Gibbs | 
MR. MARSHALL: We take no 


Post eLen On that point, sii. 


MR. BIBBS:It° will take a day 


or so to produce the entire set of Minutes, sir, but 

ican, -— assuming 21 have’ access) to “xerox facilities, 

xerox the 

later file the entireset of minutes. 
THE COMMTSSTONER: All riehnt. 


MR. GUBBS: OG" Now, Mr’. Holmberg, | 





would you agree that today that sort of rating order 
would still put Mannesman, Nippon Steel, and Sumitomo 
equally and Aran sie ene alc of supplying the pipe 
to meet the specifications? 

A They are still all capable, 
I don't know as I would necessarily rate them in Bi ecrial 
that same order. 

Q Mic =~ I msorry. 

A I believe the Minutes of 


the meeting that you're referring to is a Minute or 


a meeting that was held, I believe, in Calgary, at 





which time all of the steel companies in the world 

that were prpared to furnish pipe or were considering 
furnishing pipe for this project were invited to attend. 
They had a series of meetings at which they reviewed the 
specifications in detail, the areas where they had 
problems complying with the specifications, and a mutual 
exchange of trying to reconcile what they could do with 
what we wanted, and I don't remember the exact rating OF 


that we actually put a specific rating on the mills. 
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Purcell,King,Koskimaki,Holmberg 
McMullen, Price,Rathje,Reid 
Cross-Exam by Gibbs 


ITedon't,question thatysit wasedone but djI}don't-recall 





that. | 
Q Well ,)siry LI'm*reading 

from these Minutes. Perhaps it would help, Mr. Holmberg, | 

if I read the opening paragraph under the heading, | 
"Pipe Manufacturers." | 
"Meetings were held with nine major pipe 
manufacturers with either present or future 
capabilities of supplying pipe for the project. | 
On the basis of the presentations made and data 
presented, the metallurgy sub-committee determined 
a relative ranking of the capabilities of these 


manufacturers to produce pipe meeting the 





requirements of the material specifications. 
The companies are ranked in two groups, those 


WEEleexisting mill facalities, and those with 


mill facilities in the planning or construction 
stage." 


Then they rank them in order, and order No. 1 is Mannes- 


man, Nippon Steel, and Sumitomo. 


A This was on the basis 


Gf Voresent facilities, is that correct? 





Q Yes sir, and would you 

still rate them No. 1 on the basis of present facilities 

j A Mme not sure that Lowould, 

and I don't know that it makes a whole lot of difference, 
The-reason that I'ma little hesitant in saying that 

I'd rate them this way is that during the past two years 


the Japanese have made additions to their, both their 
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Purcell ,King,Koskimaki,Holmberg | 
McMullen, Price,Rathje,Reid 
Cross-Exam by Gibbs 





steel mills and their pipe mills, and have greater | 


Capability than they had at that time. Lem sO prepared 
LOnSsay- that fd change theyrating but 1. don't think this. 


Fating 1s xeally very critical as far as the pipe 


being available from those several mills. 
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Holmberg, Purcell, King, Koskimaki, 
ALLWEST REPORTING L-TD. McMullen, Reid, Price, Rathje 
SSA <p Bee Se Cr. Exam. by Gibbs 

1 Q Then let me read you from 

2 | these minutes, the comment o2n Italsider. 

3 | MR. MARSHALL: Well Mr. 

4 Commissioner -- 

| 

5 MR. GIBBS: 

6 | Q That's the right pronunciatici., 

7) is it? 

8 | A That s).correct, 

9 MR. MARSHALL: -- I think I must | 
10 register my views on this. Frankly, I can't see | 
iy} Where this is taking us in terms of relevancy. Per- | 
1 )' haps Mr. Gibbs can be helpful on that point and | 
131 demonstrate -- 

14 MRS jGIBBS34-— Weil sir, I. began 
15 | with his own question, steels suitable for this | 
16 | pipeline are commercially available. And in the --the 
17 | comment on Italsider says that they have indicated 
18 the capability of producing the line pipe to the 
9 requirements of our specifications, however the lack | 
20 of experience of this company in the production of 
Pan high toughness line sites and the limited amount of 
| 

22 production data available, resulted in Italsider | 
Pa) being judged fourth best in production capability. 
24 | Q Would you still adopt that 
25 | type of classification? | 
26, A Timaiot «esune tthat-.L 
pads would asfar as Italsider is concerned. Since then, | 
28 | they've gained a large amount of additional experi- | 
29 ence. They are presently furnishing a large amount 

_ 30) of pipe to Russia, and some of the people that have 
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fh visited the mill have been very well impressed with 

2| their capabilities. 

7. Q Allright, sir. Number 

4 3 is NKK, which I understand to be a Japanese company? 
5 | A Yes. 

6 | Q And the minutes say, 

7] "On the basis of the 

8 presentation made to the subcommittee was 

9 judged least capable of the mills in this | 
10 | category's. | 
Dal Then the report goes on to refer to their objections 
i to the specifications, and then it says it is noted | 
1B that with the mill capabilities and previous experi- | 
14 ence of NKK, they would be expectedto rate higher in 
ins: this evaluation, and that their response on this 

| 

Ell occasion may have been part of the strategy tof the 

| Japanese consortium to determine their technical 

| position with respect to other world bidders. | 
19 | Now, would you still rate NKK | 
20 as least capable of the mills in this category of 
ol those with present facilities? 
ED, A I don't know that I would | 
DB change it. I would like to say, however, that follow- 

| 

24 | ing that meeting at which NKK gave very incomplete | 
25) information,they conducted a large amount of testing, | 
26. submitted a large amount of additional information 

O77 that indicated that they were capable of providing 
28 pipe to meet the specifications. | 
29 QO Then under the heading | 
30 "Potential Future Suppliers", number one is Hoesch, 
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Holmberg, Purcell, King, Koskimaki, 


Cr. Exam by Gibbs | 
H-o0-e-s-c-h, ‘German, I take it? 
A Would you spell that again? 


Are you sure it isn't Hoesch, H-o-e -- 


Q h=-O=-e6-=s-—C-—h—? 

A Yes; Hoeschy yes 

Q It's called Hoesch, and 
that's German? 

A ves: 

Q Hoesch have shown experi- 


| 
mental data that indicates that they will be able to | 
make spiral welded pipe meeting the requirements of | 
the specification with the completion of mill modi- 
fications presently being undertaken. They are 
potentially capable of supplying only a small portion 
of the line pipe for the project, due to limited 
Capacity of their mills, and is that still the case 
with Hoesch? 

A Since then they have in- 
creased their capabilities, but they are still pre- 
pared to only furnish a limited amount of pipe. 

Q I see. They have gone 
through the mill modifications to meet the specs, 


but they still have a limited production available? 


A That's ‘right? 
Q Then U.S. Steel, an 


American company, is that correct? 





A Res). | 
Q U.S. Steel took numerous | 
exceptions to the specifications, but have indicated 


that they have the technical capability of making the 
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‘ Steel required. At present, however, they have no 
2 | firm plans to modify their mill in order to produce 
ra 48 inch diameter pipe. Is that still the circums- 
i tances 
5 | A Whether they have reached 
| a definite decision that they will modify their mill 
7, to make 48 inch diameter pipe, I've had conflicting 
8 reports. I really don't know for certain that they 
9 have made the decision to go ahead with that change. 
a Q As of today, we don't | 
11] know whether we could look to them for any of the | 
12] pipe or not? | 
13 | A We “can 't.-rnely, on. i tease.of | 
i 
14 | today. 
| 
15 | Q Then, Stedco, Steel, Company | 
16 | of Canada which is a Canadian company? | 
ey, A Yes. 
18 QO Stel co, has not, yet 
19°} demonstrated the capability of making steel with | 
20 the required strength and toughness in their plate | 
om) mad ahs, | 
22 | THE) COMMISSI ONER«a, Ln their | 
23 what? | 
a8 MR. GIBBS: Plate mill. | 
25 Q mere spiral miil1 is : 
26 | scheduled for completion and production of trial | 
27 | pipes in January, 1974. Their ebuivey to furnish | 
28 pipe meeting our specifications is dependent pri- 
29 | marily on their ability to develop the necessary 
bees technical know-how at the plate stage, rather than | 
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| the mechanical problems associated with the pipe 

2 mill. Is that still the case? 

3 | A Not entirely. They have 

4 made pipe that except for a few details, complied 

| with the specifications. We have tested some of 

6 | this pipe, and discussions with them indicate they 

7| hae several alternates as far as improving their 

8 | steel making ability to meet the specifications. 

9 Q And have they, sir, pro- 
io! duced what I would call a production run as against | 
ai JOInts OF pipe ‘for Cede o/ conn the Canadian Arctic | 
12 | Gas specifications? | 
13 | A As far as ma&ing product- | 
14 | ion runs, I don't know. I don't believe they have. 

15 | Q No, and that particular 

16 | mill which was to be completed in January, 1974 is 

17 | now -- 

18 A I think they have made | 

19 some production runs on that mul but don’t | 

20 believe they have been production runs on pipe com- 

play plying with our specifications. 

a2 Q No, it's been a diffrent 

23 kind Of pipe, thinner” wall or smaller diameter, | 

24 | or something like that? | 

20 A Yes; | 

2 Q Some more conventional 

27 | kind™of "pipe? | 

2g | A Yes. : 

pxy) Q And then item 4 is : 
TS IPSCO, and which is Interprovincial Steel Company, and) 
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1 a Canadian company, to your knowledge? 

2 A Yes. 

4 Q IPSCO has indicated the 

4 capability of supplying smaller diameter pipe, 30 

5 inch, required in the project with the required 

6 || strength and toughness properties. No decision is 

7 anticipated for a year or more on a future expansion 
cm of their steel and pipe making facilities to produce 
| 48 inch, zero decimal 720 inch wall thickness line ! 
10 | pipe, and is that still the circumstance with IPSCO? | 
11 A I believe.i1t..1sS..) At.the | 
12 | time of that meeting, they indicated that if the | 
03) project were approved and certainly that the line 
14 would be built, that they were prepared to make the 
1s investment and make the changes to-4the.mild..«so, that 
16 they would have the capability of making pipe of the 
17 sizes we require. ! 
18 Q Thatys subject. to. quite,a 
19 fot, OTS. though,:iscalt it? .Youswouldn!'t rely 
20 very heavily on them as a supilier? 
24 A No I wouldn't. 
29 Q No. 

23 A Not at the present, at 
24 | ee | 

25 Q Then number 5 is 

26 | Kawasaki, K-a-w-a-s-a-ki, which is I understand a 

29 Japanese firm? | 
28 A Yes). 
29 Q And it says not included 
30 in the meetings. It then goes on, is constructing a 
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new large diameter mill, but has not yet produced any , 
pipe and their future capabilities are yet to be | 
demonstrated, and is that still the case? 

A That was true at that time, 
yes. 

Q Now sir, can we sum all of 
that up by saying that if you were going to build that 
pipeline today, you really would have to go to the 
Japanese and German mills for the pipe? 

A Not entirely. I believe 


that Stelco has made their -- has done enough develop- 





ment work that by the time we would be prepared to 
place orders, that we could place orders with them 
with confidence for a large quantity of the pipe. 

Q Well perhaps I can qualify 
it by saying this, if you restricted your orders to 
those companies who have made production runs of 48 
inch steel, of zero 720 inch wall thickness and who 
have therefore experience, you would be restricted 
to Japanese and German mills, would you not? 

A On that assumption, yes. 

Q LES. 

MR. MARSHALL: You're talking 


about building the line today are you, Mr. Gibbs, 





was that the context that you were speaking? 

MR. GIBBS: I believe that's 
what I asked him in the question. 

A I think it should be made | 
Clear, however, that this work with the different 


steel mills and potential pipe suppliers, was to make 
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i] them aware of what our requirements were, so that 
2 they in turn would be able to get in a position to 


31 furnish pipe, and of course this is one of the things {| 


4 that Stelco has positively done, and we intend to and 





> are cooperating with them in every way possible with 





6 | the expectation that they would be an important 

7 Supplier. 

8 | Q Oh yes, I am sure you want 
2) it, if possible, that Stelco supply some of the pipe? | 
10 A Yes. 

ane Q But then the question is 


TZ whether Stelco are in the Long run going to be capable | 





oS of doing so? Capable of meeting your specifications? 


14 | A Yes. 
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2 Q Now sir, would you turn | 
3} to page 36 of your prepared evidence, and in panercular | 
4 paragraph 2 on that page, which says: 

5 | "In discussions with the manufacturers," | 
6} and I take it those are those manufacturers we've | 
7| just discussed, the German, the Japenese, the Canadian and 
8 | U.S. Steel? 

7 A Yes. 

10 Q Yes. 

ie "In discussion with the manufacturers the sub- 

12 committee indicated the need for evidence that 

BS the specifications could be met, especially with | 
14 regard to the requirements that were more Benonaanel 
‘2 than in other specifications. In many cases the | 
16 | manufacturers rolled pipe and fabricated pipeline | 
7 components to our specifications so that tests 

that 

18 could be made to verify Ahe specification 

ey requirements had been met." 

20 Which manufacturers rolled for you, sir, so that you 

21 could make those tests? 

22 WITNESS HOLMBERG: We have 

23 teSted pipe from Sumitomo, Mannesman, N.S.C. (Nippon 

24 Steel Company), and I think N.K.K., and Stelco Pipe. 

25 | Q What kind of tests? 

26 | A These have included the 

27 usual mechanical a notch toughness tests, .burst 

28 tests on the lai. types’, ‘one: of which is referred 
29 to as the West Jefferson type of test in which the 


30 transition temperature of the pipe is checked against 
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the transition temperature as determined by laboratory 
tests, and then the Athens type test in which the 
Pipe is tested with gas at that the pressures to be 
used in the, line, a fracture, initiated, and caused 


to propagate. 


Q And were these in every 
case 40-foot joints? 

A Essentially 40-foot 
jOints...Some of the -- well, I should say in most 


cases they were probably a little under 40-foot because 
part of the pipe was used in making laboratory tests, 
welding tests and things jof “that type. 

Q And those tests, Mr. 
Holmberg, demonstrated to your satisfaction that those 
four or five companies had produced in the test pipe 
that they delivered to you, pipe which met your 
requirements. 

A The test pipe that was 
furnished did not always completely comply with our 
specifications, and meet our requirements. However, 
in most cases they were very close to it, and there 
is every reason to believe that with modifications 
in their operations that they will have no problem 
producing pipe to meet our specifications. 

It should be kept in mind 
that in making pipe for these tests, that its been 
necessary to provide pipe meeting the specifications 
or attempt to provide pipe meeting the specifications 


and producing only a small amount of pipe and the 
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mills did not have the Opportunity to build up the 
background of experience in all cases but they eeeee a7 
in the time requirements that we placed on obtaining 
pipe to fully meet our specifications. 

Q And Mr. Holmberg, would 


I be using a correct description if I referred to the | 





pipe which was delivered to you for testing as a sample? 


A AS What? 2 didn’t get 


that word. 
Q A sample. 
A As an example? 
Q As a sample. 
A Oh, aS a sample, yes. 
Q ADD Bigne; .SsirUelpotyou 





know how many joints were rejected by Stelco before 
they produced a sample which they could deliver to you 


fornckesting? 


A I have seen that figure 
but I tdonVekknows 
Q A Varge number of jcints 
i Suggest: fo you, sir? 
A Yes. 
Q Which demonstrates that 


at that point in time they weren't very ready for a 
production run of a_ pipe of your specs. 

A Thataws right, and mot 
SubpET sing’. 

MR. GIBBS: This would be a 


convenient time, sir. 
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THE COMMISSIONER: The question 
ten is whether we are going to continue this afternoon. 
Mr. Gibbs is willing to -- what is the view of others? 

MRO ts 6 tee Ole La S... hin. 
Commissioner, that as far as the other participants | 
are concerned, they require some preparation time. | 


The question is how long this afternoon? Is Mr. Gibbs 





able to help us? 

MR. GEBBS: Oh, I should think, 
sir, perhaps an hour, hour and a half, something in 
teat a Pl amecontent eto do 1+ this. afternoon or, tomorrow 
morning. 

MER. ~oCOTT:. Weld. then, this | 
agter~noon for an howr or hour and a half, I gather, 
would be satisfactory. 

THE COMMISSIONER: Well, let's 


Sei uppeeacnwunti 2: 30eandawe! ll start again at. 2:30, 





fOr perhaps an hour, hour and a half, 


(PROCEEDINGS ADJOURNED TO 2:30 P.M.) 
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ALLWEST REPORTING LTD. Holmberg, Purcell, King, Koskimaki, 
BURNABY 2, B.C. McMullen, Reid, Price, Rathje | 
Cr. Exans by Gibbs | 
| 
1 
2 (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
3 | 
5; MR. MARSHALL: Mr. Gibbs, you 
5 had asked Mr. Holmberg to obtain some information for | 
6 | you pertaining to these tests. He's dug that up over 
| the break and he can give you that information now, 
cn if you require? ! 
: | 
10 CROSS-EXAMINATION BY MR. GIBBS, CONTINUED: 
ki | 
12 | Q AIA wighty,* sin Mr Holn= 
13 berg, what I was referring to was the statement on 
14 | page 23 of the prepared evidence, which says that 
15 three separte tests were made to show that reinforcing 
16 bends can be used in the remote event of a fracture, : 
U7 to control the length of the fracture. 
18 We're on the same wave length | 
19 for the number of tests and what the tests were for? | 
WITNESS HOLMBERG: 
20 A I believe*so,and’ I 
Diy apologize for not having this information available. | 
SA Si Q ALL raght})+sif., 
23 Could I just make sure we get | 
24 them in chronological order, these deste took place | 
OG at seprate times over a period of about a year or 
>| 18 months? 
27 A Yes, the tests I'm refer- | 
28 ring -- these particular tests actually occurred over | 
29 a shorter period of time during the past year. | 
30 Q If it's convenient then, 
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Cr. Exam. by Gbbs 


could-you refer to them in> chronological order -- 


A Yesi: 
then : ' 
Q -- and’go ahead and des- 
cribe them in your own words? 
A YesaeeThettirst’ test: in 


which crack arrestors were specifically tested, was 
a test conducted last July. This had a four foot 


arrestor and the fracture propagated and stopped at 


i 


the arrestor. | 


The -- in -- as a result of ches 
and the decision to investigate arrestors further, : 
two tests were made using a somewhat different con- 
figuration as far as the pipe was concerned. These 
tests were made at ambient temperature, and were 
made with just -- instead of having the fracture 
propagate in opposite directions, the notch at which 
the fracture initiated failure was located near one 
end of a somewhat shorter length of pipe. 

The crack arrestors in these 


tests, and I might say that this was done to more 
effectively check crack arrestors. The crack arrestor 
was located only 12 feet from the origin point. The | 


crack arrestor in one test consisted of a two foot 


band, and the ends were seal welded. This test 


proved to be effective. 


Then the, I believeit was the 





following day a similar test was made in which a 
two foot crack arrestor was tested, in which the 


ends were not fillet welded. This arrestor also 


proved to be effective. These are the three crack 
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iy arrestor tests that were referred to in the testimony. |! 
Z| Domcghis “oink our that 1 would 
3 | like to make sure there's not a misunderstanding, and 
4 thatlis you asked me about the spacing of the crack 
5 arrestors this morning., In thesettests, we've actually| 
6 | had a series of several crack arrestors incorporated 
Te in each test, so that in the event that arest did not 
8 | occur at one arrestor, we would get some information 
9 that would be of use for design purposes, and we would 
10 || possibly get arrest in the next arrestor. | 
tad | The tests to date, why the 
12 | arrest has always occurred in the first arrestor | 
13| present, so when you talk about the distance apart, 
14 | there may have been some misunderstanding where we ! 
15} had this series of arrestors, they were in some of | 
16 | the tests rather closely spaced. 
les | Q Well then sir, there were | 
18 really then four tests, were there? | 
9 A Well there's since been 
20 another test, and this is a test that's been more 
2), recently made, in which it was intended to test crack 
Ze arrestors, but as has occurred in so many of these | 
2,3 tests, we've actually had problems of having the -- | 
24 | of being successful and having Svs Pogues | 
25 | propagate. | 
26 These shear fractures propagate | 
21 | at slower speeds as was pointed out yesterday, and | 
28 are more susceptible to termination by slight | 
ie} deviations in properties or conditions which we 
ey) don't entirely understand. As a result, the last 
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Baer cey ee McMullen, Reid, Price, Rathje 


Cr. Exam. by Gibbs 


test that we made, we didn't succeed in getting the 


he 


2 | fractures to propagate Upsto Ene crack. arrestors . 
oH @) Well Dr. Holmberg, or Mr. 


4 | Holmberg, I asked for some notes about these tests, 





5 and perhaps I can ask you about them and see whether 


6 | what I am told agrees with your view of the tests? 





7 | I'm told that in one test, the 
fracture when initiated, went 150 feet approximately 
9 | in each direction, and then it stopped on one end at | 
10 | what's called an anchor flange, and at the other end | 


11 | it stopped at the fourth girth weld, Is that 


Vo accurate? 
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1 
2 A That is not one of the tests 
3 that I included, this arrest at the anchor could be | 
4 included a crack arrestor, it performed as a crack | 
5 arrestor, and actually in the pipeline industry there 
5 | has been a good many instances where propagating 
7) fractures have terminated at a change in sections such 
8 as a valve or a fitting or anchor point or something 
9 of that type. So in effect, there has been some | 
10 | experience that it is possible to stop a propagating 
rey fracture by other means than just the toughness of the 
12 material. 
13 | Q Weil, in that particular 
14 instance it stopped at the girth weld on one end and 
L5 at the anchor flange on the other. 
16 |] A That tsseright,; and jthe | 
17 stopping at the girth weld is an illustration of the 
18 difficulty we've experienced in getting these afrarctures 
19 to propagate in the sheer mode, to the distances that 
20 we would like to have them propagate. 
2A Q Then, sir, there was 
22 another test where the fracture ran in each direction 
23 and in one direction it stopped of its own accord after 
24 | about 80 feet, and in the other direction it stopped 
25 | after about 100 feet at one of your arrestor bands. 
26" A That "saright: 
cy Q Then in still another test 
28 | as this fracture went in each direction, going in one 
29) direction it stopped or it I suppose burst the first 
eat) girth weld , the first girth weld failed, and going 
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McMullen,Price,Rathje,Reid 
Cross-Exam by Gibbs 


in the other direction the first girth weld failed, 
the second girth weld failed, and the fracture then 


by-passed the arrestor and re-initiated itself again. 





isa thate correct? 


A wWes),, thatlastcorrect. 
Q In the third pipe length? | 
A Yes, eens s whet I 





reter tO as a racing tests 

Q And doesn't that lead 
you to conclude that the arrestors really don't stop 
the fractures when they can come upyy by-pass it,&and 
be initiated again? 

A No, very definitely not. 
I think it illustrates again the difficulty of making 


these sheer fractures propagate. Just minor deviations, 
| 
at a girth weld, for example, is enough to cause it to | 
being ; 
stop. Crack arrestors are’very conservative and this 





matter of the pipe breaking off and then a fracture 


Keapovevating, this As something that occurs occa- 





Sionally in pipeline failures. This has occurred in 
failures in smaller, conventional-size ines .&u I lthink 
this is just another example of that. type of re- 
initiation of a fracture. This has been observed 
numerous times. 

Q Y@si. TWe DP} Nits bit “a 
correct conclusion to say that the arrestor band Gant 


in that circumstance, arrest the fracture? 





A That's right, we did not 


include that as an example, as a case where we succeeded 
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in getting arrest at a crack arrestor. This was an 
additional test that was made, and the ete aes -- 
we failed to get a test on the crack arrestor because 
the fracture terminated before it reached the arrestor. | 
Q Well, 1.5 2t cOourectrtnen 
to say that Bnly one of the cases did you really get a 


test of the fracture? 





A No, we have three 


definite tests. 





@) It see, and in your inter- 
pretation every one of the three showed that an arrestor 
band would stop a fracture? 

A Very definitely. 

Q Notwithstanding that it | 
only really stopped at an arrestor band in two of the 


cases. 





A No, it stopped at an 
arrestor band in three tests. 

Q I see. Well, I thought 
that in the first one it stopped in one direction at 
the girth weld and at the other directinn at a flange. 

A At the anchor. 

Thatswas not included in the three tests that I cited. 

Q i Nel al Oh ae} y Gaprgmat ao 

A You're going back to what 


has* been “referred to as the first CAGSL -ttest. 





Q But taking that one, 
that didn't prove anything to you about arrestor bands, 


unless a flange operates the same. 
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A Yes, to me it was 


Significant, as I've mentioned before, to confirmed 
previous experience that fractures will arrest at 
changes in section such as flanges and so forth. We 
did not consider that a crack arrestor test. However, it. 
does demonstrate that fractures can be arrested by 
changes in section. 


@) Yes, but we can put that 





one aside as being no help as a fracture arrestor. 

A We did not include that 
as one of the tests. ; 

Q All right. Then we get 
the next one, I put to you where the fracture ran 80 
feet in one direction and stopped of its own accord, 
and 100 feet in the other direction and stopped at an 


arrestor band. 


A Yes. 





Q That you interpret as 
being a test of the arrestor band? 

A Yes. 

Q Have you any way of 
knowing whether that fracture would have stopped there 
without the arrestor ban? 

A The calculations and 
studies made indicated that it would have continued to 
propagate. 

Q I see, so that's a test 


that shows -- 





A That's what we considered 
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Cross-Exam by Gibbs 


theefirst.crack saaxrestor test. 
Q Then there was another 


one that I put to you where in one direction it ran and | 





a girth weld failed, and in the other direction it ran | 
and the first girth weld failedand the second girth Trae| 
failed, and then it by-passed the arrestor and | 
initiated again, 

A That.s raght,, 

Q And in your interpretation 
does that show that an arrestor is a successful 
technique? 

A No. We failed to get a 
test. onyan- arrestor. 

Q So we put that one aside. 


And the next test is the one you told us about where 


the arrestor -- 





A I might say that. these 
two tests that you're referring to now took place last 
October, and were before this last test that you were 


describing. 
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1 Q And this last one is the 
2 | one where the arrestors were what, 12 feet apart or | 
3 | i2°>feet from the fracture? 

4 A There were two separate 

5 tests. ‘In both cases, the arrestor was approximately | 
5 | iZs=teer irom the -initrating point. 

| Q Yes. And in those cases, j| 
8 the fracture stopped at the arrestor bend? ; Tn 
9 A Yes. So that makes the 

10 | three tests that were referred to in the testimony. | 
ibis Q Out of five? | 
12 A OUE-~Or five tests, but the | 
13 | first test was not designed specifically as a crack | 
14 arrestor test. It did stop at this anchor flange, 
15 however. The last test was designed as a crack | 
16 | arrestor test, but we were not successful in making | 
‘En tie —— in obtaining the, or getting the fracture to 
18 propagate far enough to reach the arrestor. The | 
19 fracture terminated before it reached the arrestor, 

20 ances rs One Of the things that 2 think is quite 

21 important as far as the shear failures. 

29 The industry to date,experience 

a3 is that these shear type fractures do not propagate 

24 long distances. The first shear type fracture Serre 
25 I think it was in the winter of '68-69, and as far | 
26. as I have been able to determine, there have been to 
a7 date only six shear type failures that have been over | 
28 300 feet long, and the longest failure service, or | 
ra) failure in service has been in the order of a 

30 thousand feet long. 
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l Tethink esthis sagainditiustrates 

2 | that it's difficult to make these slow running shear 

oa fractures propagate long distances, and our decision 

4 | to use these crack arrestors is really being, in my 

5 opinion, very, very conservative. 

6 | Q And-you're satisfied, Mr. 

7 Holmberg, on the basis of those three successes out 

a | Gaentvestests, «= ifad ymay, puter that ‘way, that the 

| band method of fracture arresting is sufficiently 
a proven to be relied upon? | 
" A Yes. | 
12 | Q Is that technique in use 
13| anywhere else in North America, in a natural gas 
14| pipeline? | 
15 | A As) fareas Ll know, Lt is 

16 | not,as specifically as arrestors, however the use | 
17 | of crack arrestors is nothing new or novel. For | 
18 example, during the war when ships were breaking in | 
19 two, one of the first corrective measures was the 
20 extensive use of crack arrestors. This proved to be | 
Dal: very,very effective and is still used in spite of eS | 
Bees) development of notch tough steels that are resistant | 
3 to. Eracbure. | 
24 | For example, the United States | 
25 | Navy has certain ships in which they have some of | 
26, the toughest steels available. They do not consider | 
27 | it prudent to rely simply on notch toughness to arrest 
28 fractures. They consider it to be absolutely safe, | 
29 Bees necessary to rely on crack qarrestors, and there 
30 are other cases in the oil industry, as well as Poel 

| 
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| 
1 industries, for example the aircraft industry where 
m4 crack arrestors are used. It may be a new application 
41 as far as the pipeline, is concerned, but it's not a 
4 | new concept by any means. 
= Q NOssir, butein the ssense 
6 | of experience being a part of technology in the use 
i | 
5 | of this technique in a natural gas pipeline, you are 
8 incorporating a new technology? 
9 | A Yes, I would say we are 
10 incorporating a new technology to increase the safe- 
Li ness of the line. 
2 | Q Ana wisn*t there, Mr. Holm = 
13 berg, another way that you can reduce the risk of | 
14] fracture propagation, and that is by reducing the 
15 | operating pressure? | 
16 | A Yes, that is beneficial. | 
a Q And wa sthat given consider- 
18 | ation in your design? | 
19 A This has been discussed, 
20 but we decided not to go that way. 
21 Q Why? | 
22 A We feel the crack arrestors 
23 is a more foolproof and more reliable method than to 
24 go to lower pressures, or smaller diameter pipe. 
25 | Q The ultimate test really 
26 | is that it's more economic to use’ fracture arrestors 
27 than it is to reduce the pressure? 
28 A I'm not gualified to aswer 
29 that, 
30 Q Well reducing the pressure 
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Cr. Exam. by Gibbs 


reduces the daily throughput of the pipeline, would 


ito nooks 
A Yes, I understand that. 
Q Yes, and so that reduces 
--.it follows your -= 
A Yes, but where the 


economic balance is, I don't know. 

Q I see. Mr. Holmberg, I'm 
told that the use of these fracture arrestor bands 
may introduce a risk -- a greater risk of corrosion 
than would be the case if you were not using the 
bands? Do you agree with that? 

A There is a possibility of 
this, but it's being studied and we think we have 
several methods of combatting that. I personally 
don't think this is a serious factor. 

Q Well, in existing pipeline 
systems, something similar to an arrest band is used 
when a hot tap is placedion the pipeline, is it not? 

A Yes. 

Q Pda sSnet Met fairivynormal 
operating procedure in due course to cut out that 
reinforcing band because of the corrosion possibili- 
ties? | 

A I'm not sure that I under- 
stand what your question is. That is you put the 
band on and make the hot tap, and I don't follow you 
onmenttang it.out. 

0) But at some later stage 


you take that out and you put in what's been called, 
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l Poethink*arl JoLney so* that}vyousget=rid of -that “hot 

21 tap and the reinforcing part that you put on when you 

3 | made the hot tap? 

4 | A I don't personally know 

5 that that is done. I could see where there would be 

6 | reasons for putting a T in rather than a hot tap 

7 connection, however. 

8 | Q For the three tests, Dr. 

2 Holmberg, whose pipe was tested in each of those three 
10 | cases? Which manufacturer? | 
a A I would have to check on 
12 Ghaty si*m sorry. 1 idvdn"t being thesevparticulrar 
12} files with me, I thought I brought every file imagin- | 
14 able. I had to check on the phone and get this 
Us information. 

16 Q AVL*r?ight..* Mr. -Purcel iy 

17 | could we come back to you and ask you to address your : 
18 mind to the steel specifications? Are you with me? 

19 WITNESS PURCELL: | 
20 A Yes sir. | 
21 Q ANG 4iSsere ASt*So;°Mr: 

22 Purcell, that the metallurgical subcommittee deter- 

23 mined the steel specifications? | 
24 A That's inde I think we say | 
25 | in the direct evidence, yes, sir. | 
26| Q And that not one member | 
Pa of this panel was a member of the metallurgical sub- | 
28 committee? | 
29 | A The metallurgical sub- 

30 committee by definition was composed of people who 
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l worked for the sponsoring companies of Arctic Gas. 

2 Q Yes, and therefore -- 

| A Mr. Holmberg did attend, 

4 I think, most all the meetings of the sub-committee, 

5 as did people in Northern Engineering, and people 

6 | in Canadian Arctic Gas. 

| QO Yes sir, but to come back 

8 | to my question, not one member of this panel is a | 

a member of the metallurgical subcommittee? | 
a6 A By definition I think 

ll because they work for someone else. | 
12 | Q Yes. But however, they | 
| were not a member? | 
AG A But that doesn't imply i 
is that they had no voice in the deliberations. | 
16 Q Well sir, I am coming to | 
al that. And then at the metallurgical subcommittee | 
18 meetings where the manufacturers were interviewed, ! 
19 | the only member of this panel who was in attendance | 
20 at those meetings was Mr. Holmberg? | 

WITNESS HOLMBERG: 

oT A Nes, chat. ts. Correce, 
2) THE COMMISSIONER: Excuse me, 

73 the mettallurgical subcommittee which decided on the | 
a specifications for the steel, poneeered of metallurgists. 
iS I take it, from the members of the consortium which 
26. sponsored Arctic Gas, is that -- | 
oy) WITNESS HOLMBERG: That's right. | 
28 WITNESS PURCELL: | 
29 A Di west a hundred percent, 
30 representation. They selectedseveral. 

a 
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l MR. GIBBS: 
2 Q But just to be sure, no 
ee -- it was not this design group on the witness stand 
4 that determined the steel specifications? 
5 A Mr. Holmberg particiyated 
- | in the discussions and I'm sure had an influence on 
7 the specifications that were developed. 
8 Q Mes isi, but lL cannot .say, 
A as I look at all eight of you, that you are the group | 
10 that determined the steel specifications? 

11 || A Thacvs"rignt. 

1 Q Yes. Can we talk now, 

13 | Me oeeuncell, ja little bit -about-welding? Is the 

14 Girene welding which occurs in the field, a matter 

1s for the design group to take into account? Do 

16 | they specifcy what's required in the girth welding? 
a A The development of the 

18 girth weld welding procedures is again a function of 
19 the metallurgical design sub-committee. 

20 

ou 
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23 

24 

20 
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28 

29 
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McMullen,Price,Rathje,Reid 
Cross-Exam by Bibbs 


Q And so that sub-committee 
| 


of representatives of sponsors determinel what the welding 


techniques should be. 





A Yes, and in this case I | 


think Mr. Holmberg is the gentleman that the sub-committee 
appointed to lead the research, to lead the development 


offthat WOLkK.) LUSm thar not COnmme cite 


if 


To write the | 


initial specifications, at any rate. 
WITNESS HOLMBERG: 
I was given the responsibility 





for preparing the welding specifications. Inaddition 
to that there was a research program put into effect, | 
and one of the member company representatives was chair- 
Man Of that research group? 
And again 
I attended many of their meetings but I was not a 


member sof that group, by your definition. 





Q In those meetings of 
the Metallurgical Sub-Committee, you were there as a 
guest in attendance to listen and advise. 

A Could be defined as a 
guest. However, I was participated -- was free to 
participate in any way considered appropriate. 

Q Now sir, if you take a 
piece of pipe with one or more girth welds in it, 
would it be accurate to say that if thewis a risk of 
failure, the risk is greater at the weld than it is 


in the manufactured section of the pipe? 





A Yes, I'd say that's been 
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McMullen,Price,Rathje,Reid 
Cross-Exam by Bibbs 





the experience. 
| 

Q Yes, and to the extent that 

.220-inch of wall thickness is greater than .540, the 


risk is greater with the thicker wall surface than the 





thinner one. | 

A Tadon, t know as I'd agree | 
tdthat. EPethink ‘the, cask is approximately the same in 
both cases. 

Q Wall. as Ll. understand it, 
six,;.in, girth welding the practice is to weld around the 
pipe and then around again, and each time the weld goes 
around .10.'s icalled.aipass. 

A Ness 

Q And clearly you would 
agree that three-quarters of an inch pipe requires more 
passes than half an inch pipe. 


A Yes. 





Q Andawikl you not then 
take the next step with me and agree that thexfore 
three-quarters of an inch pipe girth weld is a greater 
risk probability or possibility than half-inch pipe 


girth weld? 





A No. 

Q I see. Why would you not 
agree with that? 

A Because each time yau 
make a pass on the -- in welding, you have some benefi- 
cial effect on the preceding passes, and this would 


be greater on a thicker wall than on a thinner wall. 
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McMullen, Price,Rathje,Reid 
Cross-Exam by Gibbs 


ALSO, the area that*s most susceptible to failure is 
actually the route pass, and this includes a greater 
proportion of a thin wall as compared to a thick wall. 
Q Aren*t girth weld failures) 
also related to the pipe composition, what I for want 
of a better expression call the hardness of the pipe? | 
Its ability to be welded. | 


A Yes. 





Q And are you familiar, Mr. 
Holmberg, with recent serious problems in the girth 
welding of pipe by Union Gas in south-western Ontario 
pipe produced by Stelco? 

A NO; mike Te not. 

Q We talked a little bit 
about the making of steel now, and I guess it's Mr. 


Purcell who is the chairman of the panel who I should 





pe varkeindg CO. In the making of the steel that you 
sequire, Mu. Purcell, are there not two, for want of 
another expression, two inherent problems that the 
pipe manufacturer has. One is in the actual making of 
pieworeel, andthe other is: in the rolling of it into 
pipe? Those are the two really basic significant 
Operations, are they not? 


WIINESS PURCELL: Yes sir, 1 'm 





Sure they are, 1 think if you carried on this dialogue 
with Mr. Holmberg you'd get better informed answers, 
though. 

Q That's assuming that that! 


what I want, but surely, we'll talk with Mr. Holmberg. 
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Purcell,Xing,Koskimaki,Holmberg 
McMullen, Price,Rathje,Reid 
Cross-Exam by Gibbs 


THE COMMISSIONER: Excuse me a 
moment, Mr. Gibbs. Mr "Gibbs carry: on, please. 

MR.'GIBBS: ©° I'm right to 
bedin with in saying that “your specs call for 40=foot 


joints, plus or minus a small variation? 


WITNESS HOLMBERG: Yes. 


Q And that if I take 48-inch| 


pipe and measure the circumference, I get 12 1/2 feet. 


A I believe that's: right, 


Q Within a few decimal point 


THE COMMISSIONER: Excuse me, Mrj 


Gibbs. Do you mind just repeating that? 


MR. GIBBS: Yes sir. I asked 


whether I was correct that their specs called for 40-foot 


joints, 40 feet in length. 
THE COMMISSIONER: 40-foot 
lengths of pipe? 


MR. GIBBS: Lengths of pipe, 


and that when you measure the circumference of a 48-inch 


diameter pipe the result is about 12 1/2 feet. 


THE COMMISSIONER: Yes, all righ 


CEM Oneboaxrd = 


MR. GIBBS: And I believe Mr. 
Holm berg agreed with that. So £o0r every joint of 


pipe, what that steel producer has to produce isa 


plate of steel of consistent quality throughout, 40 fee 


long and 12 1/2 feet wide, and .720 of an inch thick. 
A Yes. 


Q And that thickness 
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McMullen,Price,Rathje,Reid 
Cross-Exam by Bibbs 


tolerance 1s very narrow, 1S 1t not? You can go thicker 
by 10%, which would bring it to 0.79, and thinner by 


538, which would bring it down as low as 0.69. 


A eS 
Q And that plate must have 
no flaws. 
A eeceel, as well “as any Benes 


product, is not absolutely free from flaws. 

Q All right, but a very 
Minor and minimal amount of flaws. 

A Tia Ss) rLgnit. 

Q Mndeisn tithat thetfiirse 


test of the steel maker to be able to praduce that 


plate? 

A Mess. 

Q : And that's one of the 
dtirocult things. 

A Nes 

Q To use a homely analogy, 


ieitecoki that it's like making 1cing, that. lots. of 
people can make icing but only the good chef can make 


Superb cing. 


A It can be put that way, 
I guess. 

Q And that's the case in 
these steel plates. 

A Therer3s ay lot ofrskil) 


in making it, yes. 


Q And that's really what 
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- aS at April 1973, at least, Stelco lacked in’ their 


é ability to produce that plate, was the master chef or 
4| master brewer who could turn it out. 

5 | A Tewouldn t put. 2e «quLtce 
6| that way. stelco is just starting at the time to 


7|| develop the ability to make the plate, they had 


oy certain limitations in ‘their equipment at that’ time, 
5s) they had not made a -- I believe at that time they 
10 | had not made a firm decision to go ahead and make 48-- 





lent equip their mill to make 48-inch diameter pipe, so at 


Le that time they had done relatively little work as far 


13 | as developing a steel for this project. 

14 Q And of those dimensions. 
15 A Mes, tenat Ss. right. 

16 | Q And that really is a 


a technique or ability that improves with experience as 
23H ©6you go along. 


19 aS One of the limitations: and 





20 factors that has to be considered is the physical abilit 
el. of the plate mill itself to roll the plate that large. 
oem Q Yes, and sir, since 


88) April of 1973, Stelco really hasn't had much opportunity 





24], to develop the technique of rolling that plate to your 
234 specs. 

26| A Stelco has made the 

27 decision to put in a pipe mill that will make spiral 
oy welded pipe. This requires -- this enables them to make 
29 pipe with a narrower width of plate than a 12-foot 

30 wide -- 12 1/2 foot wide plate. 
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1 

| Q And have they produced any 
3) spiral weld pipe on a production -- sustained production 
4| basis of your specifications? | 
| A iaen ce know Of any. 

6 || Q Then the next problem in 
7 the making of the pipe is the taking of that plate and 

8 | rolling it into a pipe, and welding a seam. 

9 A Yes. 

10 | QO That's done with the 


1d plate cold? 

12 A West. 

A 3 Q And that requires -- that' 
14 a technique which is an acquired technique, is it not, 
45 | to be able to roll that without altering the roundness 
16 | SO you can get a consistent roundness of pipe. 


7 A Yes. 
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RUULWEST MER SR TING LAS McMullen, Reid, Price, Rathje | 
mie a tas Cr. Exam. by Gibbs | 
| 
a Q And that again is an ability 
y or technique that comes with experience? | 
re A Yes. 
4 Q And would vary with the 
g thickness of the pipe and the with of the plate? 
é A Yes, to some degree. 
| Q Now sir, is there any ex- 
g | perience in North America, to your knowledge, in 
9 rolling pipe to your specifications twelve anda half | 
10 feet wide into a round pipe which will sustain the | 
Li pressures that your pipeline is going to have to 
13 sustain? 
i A Nopechenetshno expennence 
14 to toumispecifications: | 
Es There's experience in making 
16 | steel to the specifications, making pipe to smaller 
| sizesttoj;the specifications; and;I might :say «that«in 
18 making pipe to smaller sizes, frequently a more 
19 Serious sproblem *than making itpto anlarger size; \Eor 
20 example the degree of bending that is required is 
oat more severe on smaller sizes than large sizes. 
22 Sohit shouldn't 1be interpreted 
sg that simply to make larger size pipe is necessarily 
24 | none Gantt reult: 
25 Q Or necessarily more easy 
te because of the thickness? 
SF A I can conceive of situations 
28 where it could be easier. 
aa Q The absence of experience, 
_30| Sir, comes back to what I talked to Mr. Purcell 
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cr. Exam. Dy Gipps 


about and that is that this package is a new techn- 
ology? 

A Brdon tc "consider at any 
new technology. Simply to change sizes and dimensions 
and specifications to a minor degree, does not, in my 
opinion, introduce a new technology. 

Q Well, Mr. Purcell -- 

A There have been advances 
in which were applying taking the benefit of advances 
in technology, and I don't think we need to apologize 
formciat:: 


QO Nomsiia, put vou. re proposing 





bOVpue ina system, the like of which, has not and'-does) 
not exist in the world, are you not? 

A Thacts=crdh t, 

Q Now, Mr. Purcell, can we 
come back to the two 40 inch supply lines from the 


nortm that meet “at- Travaillant Lake?’- In March’ of 


this year, Mr. Purcell, the applicant produced the 
document called "Supplement to Applications and 
Exhibits Relative to Alternative 42 Inch Supply 
Lateral Line Size" which has been marked as Exhibit 
74, and you, I presume had some input into the pre- 


paration of that document? 


WITNESS|PURCE LL: 
A Yes, we did. 
Q And ‘is it right to conclude! 


that "that was Filled a year atter the“dpplication was | 


filed, that it was sometime in that year between 


| 
March, 1974 and March of 1975 that you began seriously! 
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7 considering 42 inch lines instead of 48? For the 
» northern supply lines? 
| A VES ...Si tl. 
4 | Q But there was no change 
5 | in the daly volumes you wre to put through those two 
“| lines? 
7 A Tiate Ss Correct. 
om Q Then what led you to con- 
7 clude that you should think about 42 when from 1969 
10 to 1974, 48 inch seemed to be appropriate? 
12 A It was not my decision to 
2 consider 42 inch. It was made by Canadian Arctic 
13 Gas, of course. 
14 | Q So that was another part 
15 | of design that the sponsor donated to you? 
ae A Yes, ac “in all the other 
17 | cases. They had rough information on the relative 
18 costs of transporting gas through these two sizes, 
19 that we had prepared. 
20 Q And what you are contem- 
21 plating in that alternative and described in Exhibit 
yD 74, is 42 inch outside diameter, zero decimal 63 
a3 Waulethickness, .operating at 1,680 feet per square 
24 HER gauge? Pounds per square inch gauge? 
D5 A Yes, SiY. 
el Q And in the sense that I 
OF] induced you to agree with me that the other package 
28 was new, had not any experience in the world, would 
29 the same apply to this? Is there experience in using 
20 42 inch outside diameter zero decimal 63 inch wall 
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ig thickness operating at 1,680 pounds persquare inch? 

2 A NO, ssit, L think not. 

3 | Q And’ so that istat¢much a 

4 | new innovation in pipelining of natural gas in the 

5 world as the 48 inch was? 

6 | A In the sense that it hasn't. 

7 | been done before, that's correct. 

8 | Q But what that does do for | 

9 you, using those 42 inch lines, is now it brings you | 
10 | in within your test of minimum cost of transportation | 
3 much better than it did with two 48 inch pipelines? 

2 A I think the filings show 

me that there's a slight improvement in cost of service! 
14 | with the 42 inch pipeline. | 
1s) THE COMMISSIONER: Excuse me, | 
16 iedon" t: understand. that. | 
17 | What is the advantage agan? 

18 A Thistismavpart of, the work | 
Gs) that we did not do. It's based on some of the work | 
20 we did. The cost of service, the cents per mcf cost 
a of transporting gas was slightly reduced by the 42 | 
22 inch pipe size alternative, primarily because there's 
2M) a lower construction cost. 

24 | Q Now poeee are for the 

25 supply laterals? 
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50 MR. GIBBS: Well it's: not only 
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a ll Cr. dxau. bY Gibbs | 
| because of a lower construction, it's lower capital 
2 | cost too, surely? 
| A That's what I meant by 
my eonstructzon?cost, yes, sir. 
| Q Have you any idea then, 
6 | Mr. Purcell, why 42 inch lines were not used in the 
1, original application? 
S| A We've stated in the appli- 
9 | cation that an overriding criterion was to delay 
10 | looping as long as possible, so we put in excess 
11] Capacity in the 48 inch lines, at the expense of a | 
h2 slight increase in the cost of service. : 
13] Q And now you are contemplat- 
14] ing improving the cost of service by reducing the 
U5 size? 
16 A That's an alternative | 
7 that's been suggested by Canadian Arctic Gas. | 
18 Q AN Hm Exhibit *74.,, on | 
HS page 3, the applicant says: | 
20 "The material submitted 
ay herewith is filed so that it may be examined 
22 | by the board, the Deparment and its inquiry 
Pick! at this time, so that final evaluation | 
| 
24 may be made more expeditiously should the | 
25 | applicant hereafter determine that it 
= should amend its applications to reflect | 
Pag) the changes". | 
28 Do you have any information on | 
a? whether that determination has yet been made? 
30) A No sir, to my knowledge, 
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4 that has not been made. 

2 | Q Soitas far astyoutre  con- 

3 | cerned, we're still at the 48 inch high cost of service 

ay supply lines? 

5 | A I think Canadian Arctic 

6 | Gasaee 

7 MR. MARSHALL: Well I don't 

8 think that's what the witness said, Mr. Gibbs. | 

9 MR. GIBBS: No, that's what I ! 
10 | Said because I was asking the question. | 
iat A I think that CAGSL has | 
12 | filed this as an alternative. I don't know how 
13 heavily they weight it, I can't answer the question. 
14] Q Could we now go back, Mr. 
iS Purcell, to page 5 of your prepared evidence? In 
16 particular, the last two of the objectives on the | 
ai | -~- at the end of the second paragraph of page 5, and 7 
18 in summary, Mr. Purcell, is this not correct, that | 
19 you have in fact incorporated technology which is 
20 not present day technology? 
van A No} Mrw Gibbs, I don’t 
Ee | agree. I think the interpretation has to do with 
23 the confidence that we can geti pipes tomthese 
24 specifications. Pipe seems to be ne item on which | 
25 | we are spending our time. 
26 | We can get pipe to these speci- 
ai fications within the schedule for the project, within 
28 the normal lead time. We are confident that the | 
29 mills can make this kind of pipe and in that sense, | 
30 I don't think we're depending upon something that 

| 
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l may happen in the future. | 
2 || Q But sir, in the sense that | 
3 | this package has never before been used anywhere in 
4 the world, is not that*new technology? | 
5 A T“think we're burlding =" 
6 | we are building up to the 48 inch in steps, and each | 
7| one of the steps involves an increase in diameter, 
8 | or an increase in wall thickness, and the fact that 
9 | it hasn't been done before in that combination to me 
10 | is not -- does not mean that we are using new 
oa technology. | 
12 | Q Then your third objective 
13 was, that the pipeline system should be an optimum 
14 desiqn so that it could be built and operated to 
£5 | tra_nsport gas at the minimum unlit cost? | 
16 || A That is an engineering | 
+7 | objective. 
18 Q Yes; sir. 
19 A And that at all times in | 
20 our work, was our objective. | 
| 
22 Q Bupa you. 
22 A There are other non- 
3 engineering considerations that sometimes take 
24 precedence. | | 
25 | Q But sir, how did you meet 
26 | that objective? How did your eight people here at 
27 the table -- you were given the points of supply; | 
28 you were given the daily volumes; you were given 
2» the gas composition; you were given the points of 
= delivery and you were told what pipe sizes to use, 
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1 and you were told what specs you had to use? So what 
2 did you do to design the system? 

ou) A Given those starting 
4 | points, we did our compressor station design so that 

= we came up with the minimum unit cost of transporting | 
6 the gas through that system.1 think that's the pri- 
7 | mary example of continuing to use the -- continuing 
g | to follow that objective in view of what had been 
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Q So your design really 


narrows down to a compressor station. 





A It's always, I'm sure, 
been an objective of Mr. McMullen, to build a communi- | 
cations system that would, along with the other 
things that are important to him,havea minimum cost. 
There is an awful lot of design that goes on after 
the pipe size is selected. 

MR. GIBBS: Mr. Commissioner, I 
wonder whether my friend, Mr. Marshall, is going to 
produce someone who can speak to those very basre 
points of design, which this panel has really 
evidently nothing to do with? | 

MR. MARSHALL: We have facies teal 
that Mr. Horte will be called as a witness, Mr. Gibbs, 
and there are a number of these things that he will | 
speak on, the points of supply and delivery and so on. 

MR. GIBBS: Those are all of 
my questions. 

THE COMMISSIONER: Could I just 
ask you a question, Mr. Purcell? | 

Q Mr. Gibbs emphasized with 
you when he was asking you about your statement that 
you were not going beyond present day technology. The 
diameter of the pipe and the wall thickness, and the 
problems that that would create in manufacturing the 
pipe and so forth,-what -- you may have said this -- 
but the pressure, the gas is under pressure when it 


is expelled from each compressor station at, I think 
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it was 1,650 pounds per square inch. Is that right? 
WITNESS PURCELL: 1,680. | 
Q 1,680. Maybe you did 
answer this question. The conventional operating 
pressure of natural gas pipelines in Canada, is there | 


any figure you can give me or are they all over the 





place? And whether they are or not, are any of them 
within the range of 1,680 pounds per square inch? 

A Norsim, J think they are 
more in the range of 700 to 1,000 pounds per square 
inch. I think there are several reasons for our 
departure that can be explained. One has to do with the 
fact that this pipe of this size and wall thickness has 
not been available for a very long time, and people have 


not had the chance to use it. Another factor is that 


the increasing the diameter and increasing the wall 
thickness and operating pressure gives you economics 
in the cost of service and the unit cost of transporting 
gas, but you need enormous gas volumes to get to the 
level before you can take advantage of it, and this is 
one of the first new systems that's been proposed 
recently where that kind of gas volume has been part 
Ofether picture. 

THE COMMISSIONER: Yes. Well 
I think this is a good time to adjourn and I should 
warn the counsel and of course the panel and others 
that we might have to take a day off Thursday. We might 
not. 61t Thursday. I'll let you know tomorrow. 


So we will adjourn to 9 A.M. 
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